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FOREWORD 

The Quarter ly  Reliability Status Report  is  
submitted in accordance with the Apollo documenta- 
tion requirements  delineated in NASA contract 
NAS9- 150, Pa rag raph  4 .5 .4 .7  of "Project Apollo 
Spacecraft Development Statement of Work", Part 4, 
dated 18 December 1961, and MIL-R-27542, Paragraph  
5.4.3.  The information contained herein covers  the 
period f rom 1 April through 30 June 1962. 
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I 

INTRODUCTION 

This document is  a continuation of the Reliability 
Status Report  for  the Apollo Pro jec t  a s  reported in the 
F i r s t  Quarter ly  Reliability Status Report, (SsEID 
62-557- 1). 
April  through 30 June a r e  delineated in Section I; 
planned activit ies through 30 September 1962 a r e  
outlined i n  Section 11. 

Significant accomplishments made f rom 1 

- 1 -  dMM@m?w 
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I. STUDIES, DESIGN ANALYSES, AND REVIEWS 

APOLLO SPACECRAFT RELIABILITY STUDIES 

A s e r i e s  of studies was performed during this quar te r  a t  the request  of 
MSC, to evaluate the reliability requirements  established by NASA for the 
Apollo Spacecraft .  
statement that the apportioned requirement could only be me t  with consider - 
able redundancy and in-flight maintenance. To date,  the study has  consisted 
of comparing the Apollo requirements  to those for comparable sys tems and 
determining what would be required to meet  the reliability requirements  of 
the electronic subsystems. 

The need for such a study partially resulted in MIT's 

The subsystems considered were  those which contribute to the guidance 
and control functions of the spacecraft. 
navigation (G&N) subsystem, the stabilization and control (S&C) subsystem, 
the deep space information facility (DSIF), and the telecommunications 
subsystem. 
meetings with NASA. 

These include the guidance and 

The resu l t s  of these studies were  presented a t  the following 

Joint meeting with NASA and MIT a t  Downey, California, on 
18 April 1962 

Joint meeting with NASA and MIT a t  Houston, Texas, f rom 
1 May to 10 May 1962 

Meeting with NASA a t  Houston, Texas,  on 13 July 1962. 

A summary  of the S&ID studies is presented in Table 1. Table 2 
presents  the resu l t s  of a comparison of Apollo reliability objectives with 
those of other  manned systems. 
the reliability objectives a r e  reasonable.  
they can be m e t  for the electronic subsystems. 
MIT on 1 May 1962 partially agree with this conclusion. They indicated that 
the G&N subsystem requirement could be m e t  with a degree of in-flight 
maintenance to be specifically defined a t  a l a t e r  date. 

F r o m  these studies,  i t  was concluded that 
A paper analysis predicts  that 

The resul ts  presented by 

The reliability es t imates  of Table 1 consider,  in t\e f i r s t  par t ,  the 
levels  of subsystem mission success  reliability that can be achieved with 
unimproved par t s  and with high-reliability (hlinutemanj parts.  
Success i s  defined a s  the probability of completing the lunar landing and 
returning to ear th  with no unrepairable failure in the system noted. 

Here mission 

- 3 -  
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Vehicle 

Apollo 

X-15 (1 /2  hour flight) 

F-100 (1 - 1 / 2  hour flight) 

B -70 

Bomber (8. 9 hour flight) 

Table 2. Reliability Comparison of Flight Vehicles 

Single 

Mission 
Success 

0. 90 

- 

- 

0. 85 

- 

~ 

Ais s ion 

Crew 
Safety 

0.999 

0.999 

0.9996* 

0.9995 

0.9999* 

TW 

Mi s s ion 
Success 

0.  90 

0. 56 

)-Week Per iod  I 

0 .999  

0.9992 I 0 . 7 7  I 
0.998* 1 6  I 
0.998 I 3. 6 I 
0.9998* I 1 . 8  I 

~ ~~ ____ 

::Field experience 

"Unimproved parts" reliability is based on Po la r i s  data supplied by MIT. 
A typical component mean-time-between-failures (MTBF) is 1400 hours  for  
the iner t ia l  measuring unit (IMU). 
in te r im Minuteman reliability objective of 7000 hours  MTBF fo r  the system, 
equivalent to an IMU MTBF of 16 ,  700 hours.  

The Minuteman pa r t s  a r e  based  on the 0 

The use of high-reliability pa r t s  includes the proper  handling and quality 
control of these par t s  and the electronic and mechanical s t r e s s  -analysis 
techniques employed during Minuteman development. 
fo r  the navigation and guidance subsystem were  supplied by MIT and were  
about 25 percent  of the mission time. 
the mission. 

The t imes employed 

The other systems operated throughout 

These resu l t s  indicate that only with the high-reliability pa r t s  can the 
G & N  subsystem meet  its requirements,  but that  even with these par t s ,  the 
S&C and telecommunications subsystems a r e  shor t  of the goal and require  
other  approaches for achieving the des i red  reliability objectives. 

The data in the lower third of Table 1 expresses  the consideration that 
f o r  mission success  everything must  operate  on the way to the moon but that 
f a i lu re s  may occur  on the way home. 
successful abor t  may be  achieved with failures.  This definition dictates the 
inclusion of var ious backup modes: 

F o r  crew safety it considers that  a 

man, to control the spacecraf t  through - - 5 -  
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reaction controls in  the event of an S&C subsystem failure,  the iner t ia l  
reference package (IRP) in the S&C subsystem to back up the IRP  in the G&N 
subsystem, and the DSIF to back up the G&N computer. 

Based on the c r i t e r i a  stated above, "crew safety" includes the mission 
success  reliability plus the probability of a successful  abort. 

The resul ts  show that meeting mission success  and crew safety 
requirements  a r e  predicated upon high reliability in all electronic subsystems,  
including the G&N. 
cannot be used in total but that  l ack  of availability of such par t s  can be 
compensated for  by the u s e  of low-level redundancy and some in-flight 
maint  enanc e. 

It i s  felt  that in actual pract ice  the high-reliability pa r t s  

Table 2 compares  the Apollo requirements  with those of the X-15, 
F-lOO.fighter, B-70 bomber,  and to the highly developed B-47 and B-52 
bombers .  The numbers for  the Apollo, X-15, and B-70 a r e  theoretical  
requirements;  for the other  vehicles,  they a r e  resul ts  of field experience. 
The numbers ,  in view of the Apollo 14-day mission requirements ,  a r e  given 
for  a single mission and for  a two-week period. 
number of missions normally flown during that period. The resu l t s  indicate 
that the Apollo requirements a r e  reasonable. 

The l a s t  column gives the 

NASA RECOMMENDED SEQUENCER 

A prel iminary evaluation of the NASA-recommended design for  Apollo 
propulsion system sequencer is complete. 
Thor and Atlas sequencers,  which utilize re lays ,  demanded that solid-state 
devices be used for the Saturn S-11. 
s t r e s s e s  encountered by the S-I1 unit a r e  grea te r  than Apollo s t r e s s e s ,  the 
higher reliability requirements  for Apollo indicate that S&ID should employ 
solid-state devices on Apollo. 

RocketdyRe experience with the 

Although the vibration and thermal  

LAUNCH ESCAPE SUBSYSTEM 

This s ec tion des c r ib  e s Reliability Engineering' s launch- es cape - 
subsystem activity during the period Apri l  through June. P r i m a r y  emphasis 
was placed on the thrus t  vector control (TVC) nozzle subsystem of the launch 
escape motor  and on the review of subcontractor documentation in o r d e r  to 
es tabl ish a definitive reliability program. Redirection, involving the 
elimination of the TVC sys tem,  has  resul ted in a new apportionment of 
reliability goals for  the subsystem. Emphasis  during the next r epor t  period 
will be  placed on redefining the launch escape subsystem reliability requi re -  
ments  result ing f rom the addition of a pitch control motor.  

- 6 -  
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a Reliability Apportionment 

The reliability apportionment of the rocket motors  comprising the 
launch escape subsystem is as follows: 

Tower Jettison Motor 

The reliability requirement  of 0. 99995 for  the rocket motor has  been 
apportioned for  the ma jo r  portions of the rocket motor  as follows: 

Motor P a r t s  

Reliability - - 
Allowed fai lures  pe r  million 

motors  

Squib Init iators 
Pyrogen Igniters 
Case 
Insulation 
Propellant 
Fixed Nozzles (2)  

1 
3 
1 
1 
1 

43 

Reliability of Motor = 0. 99995 

Launch Escape Motor 

The following is a listing of launch escape motor  component reliability 
apportionments: 

Component 

Reliability - - 
Allowed fai lures  pe r  million 

motors 

E B W  ( 2 )  
Pyrogen Igniter 
Propellent 
Liner 
Case 
Nozzle (4) 
Total Motor 

- 7 -  

1000 
100 
500 

10 
100 
100 

1112 - 
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Pitch Control Motor 

The following is a listing of pitch control motor  component reliability 
apportionments : 

Component 

Reliability - - 
Allowed failures p e r  million 

moto r s  
~ 

EBW (2)  
Pyrogen Igniter 
Propellent 
Liner 
Case 
Nozzle 
Total Motor 

Tower Jett ison Motor 

1000 
10 

500 
100 
100 
100 
81 1 

Reliability personnel attended a design review held a t  Thiokol in 
Elkton, Maryland on June 7 and 8. Of interest  to Reliability Engineering was 
the review of motor case  drawings and discussions held on the case  configura- 
tion. 
bolting the aft  closure in place. The attachment s t ruc ture  is an integral  par t  
of the motor case  and aft c losure.  Al so ,  Thiokol was given approval by S&ID 
to conduct vibration tes t s ,  during development, without nozzles o r  inters tage 
s t ructure .  

Welding has been eliminated by employing a deep dish forging, and 

Review of the drawings and applicable specifications for  the igniter 
assembly, nozzle assembly, and case  has  been completed. No  significant 
problem a r e a s  were  found. 
review of processing and inspection procedures,  probably w i l l  be completed 
during the next quar te r  

The major  portion of the review activity, such 

Fa i lure  -Mode Analysis 

A preliminary fai lure  mode analysis has  been completed. The resul ts  
of this analysis a r e  summar ized  in Table 3. 
analysis wi l l  be completed during the next quarter .  

It is expected that a detailed 

Logic Diagram 

Figure 1 is  the reliability logic diagram of a normal-mission tower 
jettison. A s  shown in this diagram, the launch escape motor  i s  redundant - - 8  - 
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e Table 3.  Tower Jett ison Motor Pre l iminary  Failure-Mode Analysis 

Control o r  Verification Component Dominant Fa i lure  Mode 

Open o r  shorted bridge 
wire  

EBW 100 percent res is tance check 
in detail and system 
inspection 

~~ ~ 

Case burst  Pyrogen 100 percent hydro proof tes t  

100 percent X-ray of grain Cracked propellant 
~ ~ 

Cracked propellant 100 percent X-ray of g r a i n  Solid 
Propellant 

Performance Batch control testing 

Material  certification 
P roc e s s c e r  tif ica tion 

Case Rupture due to wrong 
mater ia l  

Improper hea t  t r ea t  Headcap aft 
bulkhead 

100 percent hydro proof tes t  

Development hydro burs t  

Insulation Burn-through due to 
c racks  and voids 

100 percent X-ray 
100 percent in-process 

Material  certification and 
inspection 

verification 

100 percent p re s su re  leak 
test af ter  assembly 

Motor assembly P r e s s u r e  leakage due 
to missing par t s ,  poor 
sea ls ,  etc. 

Nozzle inser t  Cracks due to shock o r  

Excessive erosion due 
vibration 

to use  of wrong 
mater ia l  

Development and qualifica- 
tion tes t  

100 percent inspection 
before and af ter  assembly 

Mater ia l  certification, 
verification, par t s  identi- 
fication, and bonded 
s toreroom controls 

~ 

Nozzle c losure P r e s s u r e  leakage 100 percent leak tes t  
- ~~~ 

Expans ion cone Cracks and voids 100 percent X-ray 

Excessive erosion due 
to wrong mater ia l  

100 percent in-process 
controls 

Material  certification and 
vel- if  ication 

- 9 -  
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to the tower jettison motor.  
remains  inoperative. 

During tower jettison the pitch control motor 

Launch Escape Motor 

Fa i lure  -Mode Analyses 

During the period covered by this report ,  fa i lure  analyses were  
completed on all  major  components. 
5, and 6. 

These analyses are shown in  Tables 4, 

Table 4 presents  the motor case failure-mode analysis. Major 
emphasis must  be placed on mater ia l  selection, inspection, and quality 
control in o rde r  to maintain the des i red  reliability. 

The failure-mode analysis of the igniter is shown in Table 5. 
Reliability may be achieved if careful preflight inspections of e lectr ical  
c i rcui ts  a r e  performed. 
contribute to the achievement of reliability. 

Placing an age l imi t  on s tored  igniters would 

Table 6 shows the grain failure-mode analysis. Reliability i s  presented 
a s  being proportional to the degree of visual inspection; therefore,  good 
quality control and inspection a r e  mandatory. 

Logic Diagram 

0 

A reliability logic diagram of the launch abort  mode is shown in 
F igure  2 .  A s  indicated, a successful abort  requires  that  the launch escape 
motor  and the tower jettison motor function correctly.  
note that a fa i lure  of the pitch control motor  does not preclude crew safety. 

It is significant to 

Escape Tower Release 

The reliability of two methods of releasing the escape tower was 
evaluated. 
disadvantage s . 

Figures  3 and 4 show the two methods and list advantages and 

Both methods a r e  acceptable in view of the fact  that System A has 
a reliability of 0. 999999 and System B has 0. 999996. 

Based on the advantages and disadvantages shown in F igures  3 and 4, 
a decision was reached in favor of the cable-release system. 

- 11 - 
43NmwuR 
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,- 

STOP - 

RIGLOAD 

COMMAND 
MODULE 

TU RNBUC 

ESCAPE 
TOWER 

RELEASE 
MECHANISM-’ 

CABLE CHOPPERS 

COMMAND MODULE 

Advantages 

Tower is released by either 
. Pyro Cable Chopper. 

No chance of mechanism being 
janmed by flying debris. 

Simultaneous release of oll four 
legs fram one location. 

Disadvontages 

lnodvertent firing releases 
tower from commond module; 
however, the possibility of 
this happening i s  very slight. 

Figure 3 .  Escape Tower Release Mechanism, System A - Cable Release 
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EXPLOSIVE 
NUT 

. 

Advantages 

Inadvertent firing of one 
nut wwld not relea= 
the tower, only one leg. 

Either explosive nut could 
release one leg. 

EXPLOSIVE NUT 

MODULE 

Disadvantages 

Requires four times as many pyrotechnic 
devices as cable release system. 

Requires weight and complexity of 
8 EBW firing units and associated 
wiring. 

One or the other of the explosive 
nuts wauld have to work successfully 
on all four legs in order to release 
the tower. 

In case one leg released inadvertently 
there i s  no assurance that the three 
remaining legs could support the command 
module in case of an abort. 

Chance of jammed mechanism by flying 
debris. 

Nonsirnultaneout release of all four 
legs. 

Figure  4. Escape Tower Release Mechanism, System B - Explosive Nut System 
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s 

Condition Abort  Mode 

Thrus t  Vector Control (TVC) Design Analvsis 

Mission Mode 
(non- abort)  

P r i o r  to the elimination of TVC, a thorough analysis of the movable 
Fluid injection and movable 

A generic  
nozzle ve r sus  fluid injection was completed. 
nozzles were  compared on the basis  of reliability allocations. 

1 fa i lure  r a t e  was assigned each component through use of data f r o m  Ear l e s  . 
The same  ra te  w a s  used f o r  s imi l a r  components in both systems.  
cr i t ical  components, as shown in Table 7, were  used for  the analysis.  

Only 

If Malfunction Is Caught 
in Prelaunch Checkout 

If Malfunction Occurs 
After Launch 

Minor:: Minor’: 

Critical‘: o r  Major::< o r  
major  minor  

‘:<NOTE 

Crit ical:  A reliability degrading fai lure  with ramifications 
in c rew safety 

Major: A reliability degrading fai lure  which will influence 
accomplishment of the mission and miss ion  
objectives 

Minor: A fa i lure  with no ramifications in mission success  
o r  c rew safety; one which influences the bas ic  
integrity of the equipment and constitutes a 
nuisance value o r  maintenance incident 

Mean-time-to-failure was  calculated for  cu r ren t  t ime and fo r  six-month 
and 12-month elapsed times. 
etc. ) w e r e  assigned, based on engineering judgment and pas t  experience. 
Once again the same fac tors  were  used for  similar components in  both 

K fac tors  (a  function of application, environment, 

Reference 3 
1 

- 18 - 
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systems.  A comparison of Table 8, dealing with fluid injection TVC, and 
Table 9, dealing with movable nozzle TVC, indicates the advantage of the 
movable nozzle sys  tem. 

The relative importance of the movable nozzle in enhancing o r  
degrading the reliability of the over-al l  sys tem is also indicated. Tables 8 
and 9 indicate that there  is no degradation of reliability for  the movable 
nozzle even with reliability of a lower o r d e r  of magnitude. I t  is noted that 
for  shor t  burning t imes,  a t  least ,  the generic  reliability of the movable 
nozzle should be of the same o r d e r  of magnitude as that of the fixed nozzle. 

Table 10, showing operation and logistics mode cr i te r ia ,  was  compiled 
to indicate the var ious induced environments to which the TVC components 
would be  exposed. 

Reliability Prediction of TVC Configurations 

Reliability predictions of thrust  vector control configurations , utilizing 
the information shown in Figure 5, (Liquid Injection and Swivel Nozzle Logic 
Diagram) and Table 11, (Component Fa i lure  Rates),  yielded the following 
r e  sult  s : 

System Rating (Numerical Results)  

Secondary injection (on-off, 2 -nozzle control) 0.9953 

Swivel nozzle (2-nozzle control) 0.9890 

Secondary injection (2-nozzle proportional control) 0. 9888 

Swivel nozzle (4-nozzle control) 0.9803 

Secondary injection (4-nozzle proportional control) 0. 9692 

The c r i t e r i a  fo r  establishing the TVC predictions a r e  a s  follows: 

A l l  four nozzles must  operate.  

The operating t ime during the mission is 10 minutes. 

The environmental factor  (k) is equal to 1, 000. 

Standard fai lure  ra te  data were  used in predicting the system 
reliability. 1 

0 'Reference 4 
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I T r a n s p o r t  

Package  f o r  1 
rough 
handling, 
na tu ra l  
envi ronment  

I tem 

N Fi l l  Fit t ing 
2 

Rese rvo i r  

Bladder  

Oil  F i l l  Fit t ing 

Oil  P r e s s u r e  
Sensor  

Check Valve 

GSE Connect 

F i l t e r  

Servo  Valve 

Actuator 

*Does not apply 
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Table 10. \Launch Escape Motor 
Operational and Logistics Modes Cr i te r ia  - Movable Nozzle 

Funct ional  Handling 
and 

Assembly  
Storage 
( 5  y e a r s )  

Leak,  
co r ros ion ,  
contaminat ion 

P re l aunch  Abort  Nonabort  

E a s e  of 
a s sembly  

Ease of 
r ep lacemen t  
c l ean  
r ep lace  

* * 

____ 

Package  f o r  
rough 
handling, 
na tu ra l  
envi ronment  

Ease  of 
r ep lacemen t  
c lean 
r ep lacemen t  

dus t  not 
blow 

Cor ros ion ,  
c r e e p ,  
s t r e s s  

E a s e  of 
a s sembly  

' r e s s u r e  
and 
l eak  
integri ty  

' r e s s u r e  
and 
l eak  
integri ty  

Sha rp  edges 
e a s e  of 
a s sembly  

Package  f o r  
rough 
handling, 
na tu ra l  
envi ronment  

Chemica l  
s tabi l i ty ,  
t e m p e r a t u r e  
d imens iona l  
s tabi l i ty  and 
co l l apses  

P r e s s u r e  
integ r i ty  
l eak  
integri ty  

E a s e  of 
r ep lacemen t  
c lean 
r ep lace  

Leak,  
co r ros ion ,  
contamination 

Package  f o r  
rough 
handling, 
na tu ra l  
envi ronment  

Package  for 
rough 
handling, 
na tu ra l  
envi ronment  

Package  fo r  
rough 
handling, 
na tu ra l  
envi ronment  

E a s e  of 
a s sembly  * 

Accuracy  Leak,  
co r ros ion ,  
contaminat ior  

Easy  
instal la t io  * * 

E a s e  of 
r ep lacemen t  

Must 
function 

Cor ros ion ,  
t e m p e r a t u r e  
humidity,  
e l ec t r i ca l  
continuity 

Safety,  leak 
integri ty  , 
e lec t r i ca l  
continuity 

Leak, 
co r ros ion ,  
contaminat ioi  

E a s e  of 
a s sembly  

E a s e  of 
r ep lacemen t  
c l ean  
r ep lace  

Package  f o r  
rough 
handling, 
na tu ra l  
envi ronment  

* 

Functions 
without 
l eaks  

Cor ros ion ,  
contaminatioi  

Easy ,  l eak  
integri ty ,  
foolproof 

Package  f o r  
rough 
handling, 
na tu ra l  
envi ronment  

No  l e a k s  
a t  
connection * 

Package  f o r  
rough 
handling, 
na tu ra l  
env i ronmen t  

E a s e  of 
r ep lacemen  

Function! 
a s  
designe 

Dust, d i r t ,  
o i l ,  
co r ros ion ,  
l eak  

E a s e  of 
a s sembly  
polar i ty  * 

Function 
a s  
designe 

Package  f o r  
rough 
handling, 
na tu ra l  
env i ronmen t  

E a s e  of 
r ep lacemen  

Cor ros ion ,  
c r e e p  
r e s idua l  
s t r e s s  

E a s e  of 
a s sembly  
polar i ty  

f 
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Table 11. Thrust  Vector Control Methods Component-Failure Rates 

Liquid Injection 
Components 

N f i l l  valve 
2 

Plug 

Freon  valve 

Squib 

Restriction orifice 

Relief v alv e 

F reon  torus  

N 2  torus  

F reon  bladder 

Disconnect 

F i l t e r  

Servo valve 

Injection valve 

Nozzle 

On-off valve 

~~ 

Reliability* 

110 

10 

140 

10 

10 

90 

1 0  

10 

50 

110 

140 

140 

10 

100 

~~ ~ 

Swivel Nozzle 
Components 

N f i l l  valve 2 

Plug 

P r e s s u r e  valve 

Hyd. ' f i l l  

Hydraulic valve 

Squib 

F i l te r  

Servo valve 

Actuator 

Dump valve 

Swivel nozzle 

Reliability * 

110 

1 0  

50 

110 

140 

100 

5 

140 

200 

50 

50 

*The component reliability figures,  expressed a s  allowed fai lures  p e r  
l o 5  assemblies ,  were  a r r ived  at f rom failure ra te  data contained in 
References 3 ,  6, and 10. 
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TVC Stabilization and Control Subsystem Reliability Apportionment 

This Apportionment (F igure  6) w a s  made with the assumption of a 
booster reliability of 95  percent,  as indicated by NASA in the Apollo Work 
Statement. 1 

STABILIZATION RELIABILITY = 0.995 
AND CONTROL CREW SAFETY = 0.995'9 

STABILIZATION AND 
CONTROL 
REACTION CONTROL SYSTEM 
COMMAND MODULE 

STABILIZATION AND 
CONTROL 
REACTION CONTROL SYSTEM 
SERVICE MODULE 

First-stoga boater reliability (R,) 

STABILIZATION A N D  STABILIZATION AND 

PROPULSION THRUST VECTOR CONTROL 
LAUNCH ESCAPE 

0.983 
Second-stoga boater reliability for IOucond operation (Rz, 0.995 

R, x R2 = 0.978 

Figure 6. TVC Stabilization and Control Subsystem Block Diagram 

The predicted booster  failure ra te  i s  22  booster fa i lures  per  thousand 
missions.  
electronics,  wi l l  be required to operate  22 t imes pe r  thousand missions.  

This representat ive quotient indicates that the launch escape system 

F r o m  the apportioned crew safety of 0. 1 fatali t ies per  thousand 
missions for  the entire stabilization and control system, 0. 01 fatalities per  
thousand missions have been apportioned to launch escape TVC electronics.  

'Reference 5 
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Using the preceding values, the reliabil i ty goal for launch escape 
electronics was established as follows: 

- - 0. 01 fatalities 1, 000 missions 0. 01 fatali t ies 
X 

2 2  aborts  1 , 0 0 0  missions 22  aborts  

o r  

0. 01 
2 2  R = I - -  - 0. 9955 - 4. 5 fa i lures  pe r  thousand aborts .  

In o r d e r  to enhance crew safety, the following cr i ter ion has  been 
established for  the launch escape electronics:  

4. 05 fai lures  per  thousand aborts  of the allowable 4. 5 fa i lures  per  
thousand aborts  a r e  to be fail-safe in a neutral  position. 

Escape Rocket Case 

Reliability tes t s  of the escape rocket case  subsystem a r e  based on a 
modification of L u s s e r ' s  principles. 
established, based on p res su re  data f rom the Mercury escape program. 
A proof p r e s s u r e  t e s t  is specified a t  a considerably higher p re s su re  than the 
l imi t  load. F o r  the Apollo launch escape rocket the proof p re s su re  is a 
minimum of 1 0  s igma over the mean l imit  load. 

A reliability boundary has  been 

0 
The numerical  definition of the minimum safety margin for  the launch 

escape rocket is i l lustrated in Figure 7. 
load is converted to an equivalent p re s su re  so that it can be correlated with 
the 100  percent  proof p re s su re  requirements fo r  the case.  
boundary p r e s s u r e  is the summation of the equivalent p re s su res  f r o m  the 
external bending s t r e s s ,  the hoop s t r e s s ,  and standard deviation of p re s su re  
( for  batch-to-batch variation) based on previous t e s t  work. 
t e s t  of 2440 psi  will sc reen  out all  substrength cases  due to design, 
manufacturing, o r  mater ia l  discrepancies.  The safety margin is defined as 
the number of s tandard deviations of p r e s s u r e  between the reliability 
boundary and the proof test. 
qualification-reliability tes ts  will be plotted on this char t  to demonstrate 
the actual reliability achieved. 
tes t s ,  some motors  f r o m  the development program and tes ts  performed by 
NAA will  be used to demonstrate reliability. 

The reliability boundary o r  l imit  

The reliability 

The case  p r e s s u r e  

The maximum pres su re  from each of the 28 

In addition to the 28 qualification-reliability 

Propellant-Ignition Subsystem 

Reliability demonstration of the propellant ignition subsystem will 
consis t  of 28 qualification-reliability s ta t ic  firing tests.  Propellant 

- 27 - 
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Figure 7. Launch Escape Motor Safety Margin Demonstration 
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ingredients w i l l  be subject to chemical, ball ist ic,  and physical property tes ts  
on each lot  of raw mater ia l  and on each batch of propellant to determine 
whether the batch meets  the requirements of the Apollo specification. 
finished grain will be  subjected to radiographic and visual inspections. 
Grains  which exhibit voids, c racks ,  o r  surface defects which could affect 
the performance of the Apollo launch escape motor will  be  rejected. 
those motors  which meet  the stringent quality control requirements  will be 
acceptable for  use during this program. 
on subsequent production ar t ic les  to ascer ta in  that future manufacture of 
rocket motors  w i l l  mee t  the extremely high reliability requirements  of the 
motors  manufactured for the development program. 

Each 

Only 

These procedures will be continued 

ENVIRONMENTAL CONTROL SUBSYSTEM (ECS) 

A prel iminary analysis of the environmental control subsystem (ECS) 
has  been completed with logic diagrams depicting the s e r i e s  paral le l  relation- 
ship of ECS components and modes of operations with respec t  to successful 
and safe performance. The evaluations of failure modes and effects on fai lure  
r a t e s  of each component forms  an integral  par t  of this reliability analysis. 

Flight Module Apportionment 

The ECS apportionment contained in Table 1 2 ,  represents  a f i r s t  o r d e r  
analysis of the subject system based upon the following assumptions. 

The logic diagrams in figures 8 through 14 have been modified such 
that (1) no redundancy is considered; ( 2 )  normal  operation and normal  
conditions a r e  assumed (no crew safety operation o r  emergency conditions); 
(3) manual overr ides  a r e  not separated,  the reliability of the crew properly 
performing the required operation is assumed to be one; and (4) only space 
operation i s  considered. 

Also these additional assumptions apply: 
a reliability of 0. 9935 is assumed. 
be one, since no maintenance i s  permitted. 
each component includes the associated joints o r  fittings required to install 
o r  mount that component. 
include the integrated environmental effects for the total mission t ime 
( these a r e  not generic fa i lure  ra tes) .  

a 400-hour mission t ime with a 
The accessibility index is assumed to 

The fai lure  ra te  assigned to 

The fai lure  r a t e s  l is ted and associated MTBF's  

- 
Ground Surmort Equipment ApDortionment, Water -Glvcol Unit 

The analysis (Table 13) of the components for the Water -Glycol Unit 
(GSE) i s  based upon relative complexity factors.  
ra tes ,  equivalent MTBF's ,  and equivalent cycles pe r  component a r e  the 

The resultant fa i lure  
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Table 12. Pre l iminary  Apollo ECS Reliability Apportionment 
( F i r s t  Order  Analysis) 

- 

P a r t  
No. - 
a 0 - 

1 .1  
1 .  L 
I .  3 
1 . 4  
I .  5 
1. 6 
1 . 7  
1 . 8  
1 . 9  
1 . 1 0  
1 . 1 1  
1.1L 
1. 1 3  
1 .  15  
1. 16 
1. 1 7  
1. 18 
1 .  19 
1. LO 
1 .21  
1.  LL 
1.24 
1. L5 
1. 28 
5. 5 
5. 1 3  
7.1 
7. 3 
7. 6 
7. 7 
7. 9 
7" 10 
7.11 

b a% - 
2. 1 
L. L 
L. 3 
L. 4 
L. 5 
L. 6 
L .  7 
2 .  8 
L. 9 
2 .10  
2 . 1 2  
2 .  1 3  

L. 14 
L. 1 5  
2 .  1 6  

I tem Description 

Sui t /Cabin A i r  C i rcu i t  

Valve,  check, r a s p b e r r y ,  N / C  
Heat  exchanger ,  a i r / a i r  regen. X flow 
Valve, check, dual,  butterfly,  N / C  
Valve,  l imiting and manual  shutoff,  N / O  
Connector,  N / O  
Valve,  check, f lapper ,  N / C  
Connector ;  o r i f i ce ,  N / C  
Debr i s  t rap ,  s c r e e n  f i l t e r  
Catalyt ic  f i l t e r  
C o m p r e s s o r ,  cen t r i f . ,  10K r p m  
Valve.  check, r a s p b e r r y ,  N / C  
Valve,  manual  shutoff, N / O  
Valve, check, r a s p b e r r y ,  N / C  
COL and odor  a d s o r b e r  
Valve,  p r e s s u r e  relief w / m a n .  ov r ' d .  N / C  
Switch, rotary,  four-posi t ion a s s e m b l y  
Valve, e lec t r .  act. contr .  w/man.  ovrld.  
Heat  exchange r ;  g l y c o l i a i r ;  X flow 
Heat  exchanger ,  w a t e r l a i r  X flow 
Valve,  d ive r t e r ,  manual  
Water  s e p a r a t o r  (w/shutoff  valve & ac tu .  ) 
T e m p e r a t u r e  control ,  magnet ic  ampl i f i e r  
T e m p e r a t u r e  se l ec to r ,  rheos t a t  
T e m p e r a t u r e  control ,  magnet ic  ampl i f i e r  
Valve,  elect .  ac t .  contr .  w i m a n .  ov r ' d .  
Valve,  check, quad. a s sembly ,  N / O  
Sensor ,  a i r  p r e s s u r e  
' sensor ,  a i r  t e m p e r a t u r e  
Senso r ,  p r e s s u r e  different ia l  
Senso r ,  p r e s s u r e  different ia l  
Senso r ,  a i r  t empera tu re  
Senso r ,  voltage indication 
Senso r ,  a i r  t e m p e r a t u r e  

Refe rence  F igu re  8 

V?ater - Glycol C i rcu i t  

Valve,  check, ball ,  N / C  
Valve,  re l ie f ,  ball ,  N / C  
Disconn. ,  s e l f - sea l ing  ( L  conn. ) 
Valve, manual  shutoff,  N / O  
Valve,  check, ball ,  N / O  
Heat  exchanger ,  w a t e r  - glycol,  X flow 
R e s e r v o i r ,  glycol,  spr ing op. 
Valve,  manual  shutoff, N / O  
Valve,  manual  shutof f ,  N I O  
Valve,  e l ec t r .  act .  c o n t r . ,  N / O  
T e m p e r a t u r e  control ,  magnet ic  ampl i f i e r  
Valve,  dual e l ec t r .  ac t .  con t r .  w / m a n u a l  

Valve,  check, ball ,  N / C  
Pump,  glycol, g e a r ,  6Krpm 
Switch, ro t a ry ,  4 posit ion a s s e m b l y  

o v e r r i d e  

Equivalent  
S e r i e s  

Quantity 

2 
1 
1 
4 
3 
4 
3 
1 
1 
1 
3 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
L 

1 

1 

4 
1 

3 
L 
1 
1 
1 
1 
1 
1 

1 
3 
1 
1 

( 2 )  

- 3 0  - 

Fa i lu re  
Ra te  

P e r c e n t  h 
(1000 h r s )  

0. 0025 
0. 0008 
0. 0067 
0. 0042 
0. 0008 
0. 0067 
0. 0050 
0. 0008 
0. 0050 
0. 0462 
0. 0 0 2 5  
0. 0042 
0. 0025 
0. 0034 
0. 01 L 6  
0. 0084 
0. 0420 
0. 0008 
0. 0008 
0. 0042 
0. 0840 
0. 0336 
0. 0067 
0. 0336 
0. 0420 
0. 0084 

0. 0042 
c 

i 

<< 

0. 0042 

0. 0042 
0. 0084 
0. 0084 
0. 0042 
0. 0042 
0. 0008 
0. 001 7 
0. 0042 
0. 0042 
0. 0378 
0. 0336 

0. 0758 
0. 0042 
0. 04L0 
0. 0084 

Equivalent 
Mean T ime  

Between 
F a i l u r e s  
('%Million 

h o u r s )  

39. 7 
119 
14. 9 
24 
119 
14. 9 
19. 8 
I19 
19. 8 
L. 16 
39. 7 
24 
39. 7 
29. 8 
7. 93  
1 1 . 9  
2.  38 
119 
119 
L4 
1. 19 
2.  98 
14. 9 
2. 98 
L. 38 
1 1 . 9  

L4 

L4 

l- 
Equivalent 

Cycles  

____ 

L98.000 

~ , 0 0 0 , 0 0 0  
3, 310 

298, 000 

2 , 3 8 0 ,  000 

3,800,000 

24 
1 1 . 9  
11 .9  
24 
L4 
119 
59. 5 
24 
24 
2 .  64 
2 .  9 8  

24,000 
L40,OOO 

Assumed  
Usage 

( C y / h r )  

1 /50  h r s  

1 / 1 2  h r s  
1 / 1 2  h r s  

1 /4OO h r s  

2 /  h r (  ac t )  

L lh r .  

1 / 500 h r s  
1 / l o 0  h r s  

SID 62-557-2 



Equivalent 
Cycles  

A s s u m ?  
Usage 
( C y / h r  

0 2  Supply C i rcu i t  

W a t e r / s e p a r a t o r  with shutoff valve and 

Valve,  e l ec t r .  ac t .  contr .  dual  a s s e m b l y  
P r e s s u r e  c o n t r . ,  mag. amp.  a s s e m b l y  
Valve,  re l ie f ,  ball ,  N / C  

Valve,  demand  p r e s s u r e  and r e l i e f ,  N / O  

Valve,  r egu la to r ,  quad. a s s e m b l y  

ac tua to r  

~ Valve,  manual  shutoff,  PJ/C 

' Valv r ,  manua l  shutof f ,  N / C  

~ Valve, r egu la to r  (dua l ) ,  man.  o v e r r i d e  

N O R T H  A M E R I C A N  A V I A T I O N ,  I N C .  SPACE and INFORMATION SYSTEMS DIVISION 

Table 12. Pre l iminary  Apollo ECS Reliability Apportionment 
( F i r s t  Order  Analysis) (Continued) 

- 

P a r t  
No. 

Equivalent  
Mean T i m e  

Between 
F a i l u r e s  
(:::Million 

hour s )  

Equivalent 
S e r i e s  

Quantity 

F a i l u r e  
Ra te  

P e r c e n t  X 
(1000 h r s )  I tem Descript ion 

b 9 

2 .  19 
5. 6 

2. 20 
2, 22 
2. 24 
3. 5 
3 .  7 
8. 6 
8.  9 
9. 5 
9. 6 

- 

- 
b:; 

Wate r  - Glycol  C i rcu i t  (Continued) 

Valve,  dual ,  e lec t .  ac t .  con t r .  w / m a n u a l  

Valve,  e l e5 t r .  ac t .  con t r .  N / C  
T e m p e r a t u r e  control ,  magnet ic  ampl i f i e r  
Disconn. , se l f - sea l ing ,  a s s e m b l y  
T e m p e r a t u r e  se:ector,  rheos t a t  
T e m p e r a t u r e ,  c o n t r . ,  mag .  amp.  
Senso r ,  glycol t e m p e r a t u r e  
Senso r ,  glycol t e m p e r a t u r e  
S e n s o r ,  a i r  t e m p e r a t u r e  
Senso r ,  air t e m p e r a t u r e  

R e f e r e n c e  F i g u r e  9 

o v e r r i d e  (1)  
4 
1 
1 
1 
1 
1 
1 
1 
1 

0. 0758 
0. 0378 
0. 0336 
0 .0084  
0. 0067 
0. 0336 
0. 0042 
0. 0042 
0. 0042 
0. 0042 

1 . 3 2  
2. 64 
2.98 
1 1 . 9  
1 4 . 9  
2. 98 
24 
24 
24 
24 

c* I P r e s s u r e  and T e m p e r a t u r e  Control  Sys t em 

3.1 Valve,  dual  r egu la to r  and re l ie f ,  manua l  

Hea t  exchange r ,  a i r l g l y c o l ,  X flow 
Snorkel ,  inflow ( r e q u i r e d  to o p e r a t e  pos t -  

Valve,  manua l  shutoff,  N / C  
Valve,  manua l  shutoff,  N/C 
Valve, d ive r t e r ,  manual  
Switch,  r o t a r y ,  3 posit ion,  a s s e m b l y  
B lower ,  fan,  6K r p m  
Valve,  re l ie f ,  ba l l ,  N / C  
Valve,  r egu la to r ,  dual,  flow l imit ing,  

Valve,  r egu la to r ,  quad. a s sembly  

o v e r r i d e  

landing only) 

manua l  o v e r r i d e  

1 
1 

0. 0252 
0 .0008  

3. 97  
119 3. 2 

3. 9 

0 .0042 
0. 0042 
0.001 7 
0. 0084 
0. 0420 
0. 0084 

0.0168 
0. 01 68 

14 
24 
59. 5 
11 .9  
2 .  38 
1 1 . 9  

5 .95  
5 .  95  

3.10 
3.12 
3. 14  
3. 1 7  
3. 18 
3. 19 
3. 20 

3. 2 2  
1 
1 

:: R e f e r e n c e  F i g u r e  14 

d:: P and  T Control  Sys t em - NL Supply 

Disconnect ,  s e l f - sea l ing  (1 conn. ) 

d e  R e f e r e n c e  F i g u r e  1 3  
I 

0. 0084 qq 11.9 I 1 

I 1 . 2 2  

4 . 1  
4 .  L 
4 .11  
4. 1 5  
4. 1 6  
4. 17 

4. L L  
4. 19 

1. 19 
2 .  64 
2 .  98 
11 .9  
24 
2 .  38 
24 

0 .0640  
0. 0379 
0. 0336 
0. 0084 
0. 0042 
0. 0420 
0. 0042 
0. 0168 
0.  01 68 

5 . 9 5  
5. 95  

- 3 1  - .IYlrlncniTlaL, 
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Table 12. Pre l iminary  Apollo ECS Reliability Apportionment 
(First Order  Analysis) (Continued) 

Equivalent  
S e r i e s  

I tem Descript ion Quantity 

I I 0 2  Supply C i rcu i t  (Continued) 

2. 3 
5. 11 

5. 20 

7 .  2 
7. 6 
9. 2 
9. 3 

9 . 8  
i 9 . 4  

110. 5 

Disconnect . ,  se l f -seal ing (1 conn. ) 
Valve, r egu la to r  and re l ie f ,  man .  

Valve,  r egu la to r  and re l ie f ,  man .  

Senso r ,  0 2  pa r t i a l  p r e s s u r e  
Senso r ,  p r e s s u r e  different ia l  
Senso r ,  0 2  flow r a t e  
Senso r ,  0 2  p r e s s u r e  ( en t ry )  
Senso r ,  posit ion 
Senso r ,  0 2  p r e s s u r e  
Senso r ,  command module to ta l  p r e s s u r e  

o v e r r i d e  

o v e r r i d e  

I 0 2  Re-en t ry  Supply E 
4 . 1 0  

Equivalent 
Mean T i m e  

F a i l u r e s  Assumed  

Tank, oxygen s to rage ,  7500 ps i  
Valve,  manual  shutoff,  high p r e s s u r e ,  

Valve,  manual  shutoff,  high p r e s s u r e ,  

Valve,  r egu la to r ,  high p r e s s u r e ,  N I C  
Valve,  check,  ba l l ,  N / O  

O2 Back P a c k  Supply 

4. 1 3  Valve,  Relief and  manua l  shutoff,  N / C  1 0. 01 L6 7 .  93  
4. 14  Cap,  seal ing 1 0. 0008 119 
2. 3 Disconnect ,  s e l f - sea l ing  (1 conn . )  1 0. 0084 11 .9  

e* Refe rence  F igu re  10 

5. 4 

5 .10 
5. 14  
5. 1 5  
5. 16 
5. 1 7  

1 1 . 2  

Wate r  Supply 
~~ ~ 

Disconnect ,  s e l f - sea l ing ,  N I C  
Valve,  check,  p r e s e t ,  N / C  
Valve,  shutoff,  manua l ,  N / C  
Valve,  t h ree -way ,  manua l ,  N / O  
Valve,  shutoff, manua l ,  N / C  
Valve,  check,  ba l l ,  N / C  
Wate r  tank,  b l adde r  
Hea t  exchanger ,  g lyco l /wa te r ,  / / flow 
Wate r  tank, b l adde r  
Valve, three-way,  manua l ,  N / O  
Valve,  shutoff, manua l ,  N / C  
Disconnect ,  sel f -seal ing ( 1  conn. ) 
Sensor .  w a t e r  quant i ty  

1 
1 

(2 )  
1 
1 
1 
1 
1 
1 
1 
1 
1 
i 

0. 0084 
0. 0067 
0. 0042 
0. 0067 
0. 0042 
0. 0042 
0. 01 26 
0. 0008 
0. 01 26 
0. 0067 
0. 0042 
0. 0084 

1 1 . 9  
14. 9 
24 
14. 9 
24 
24 
7 .  93  
119 
7. 93  
14. 9 
24 
1 1 . 9  

f *  Refe rence  F i g u r e  12 

g *  A i r  Lock 

6. 1 Valve,  shutoff, manua l  1 0. 0042 24 480 ,000  1 / 5 0  
6. 2 Valve, shutoff, manua l  1 0. 0042 24 1 / 5 0  
6. 3 Valve, shutoff, manua l  1 0. 0042 24 480 ,000  1 / 5 0  

* 

- 32 - 
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N O R T H  A M E R I C A N  A V I A T I O N ,  I N C .  SPACE and INFORMATION SYSTEMS DIVISION 

P a r t  
K O .  

g::: 

Table 12. Prel iminary Apollo ECS Reliability Apportionment 
( F i r s t  Order  Analysis) (Continued) 

Item Descript ion 

Ai r  Lock (Continued) 

480, C O O  
480,000 

Equivalent 
S e r i e s  

Quantity 

1 / 5 0  

F a i l u r e  
Ra te  

P e r c e n t  h 
(1000 h r s )  

Equivalent 
Mean T ime  

Between 
Fa i lu re s  
(“Million 

hour s )  

Valve,  shutoff,  manual  
11:: t I Sensor ,  a i r lock  p r e s s u r e  

I I I g::: Refe rence  F i g u r e  1 1  

Equivalent  
Cyc le s  

Assumed 
U s a g e  

( C y / h r )  

- T h e s e  components  a r e  to be  used in  conjunction with display instrumentat ion and re l iab i l i ty  
wil l  be apportioned when th i s  data i s  avai lable .  

N / C  - Normal ly  closed 
N / O  - Normal ly  open 
X flow - C r o s s  flow 
/ /  flow - P a r a l l e l  flow 

@ 

.- - 3 3  - 
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Y 

- 3 4  - 
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I I 

- 1.5A I 
SUIT/ I CLOSES - 

I OPERATE 

CABIN 4 CIRCUIT 
WILL 

- 

1 .5A 
CLOSES 

- 
, 

v 1.7A 1.4A 

7.1 @ - m/1 - 
OPENS OPENS 

TRUE @ 

(MANUA - 1.6A 
CLOSES 

I 
I 
I 

- 
TRUE @ 

- 
- '.'P 

s/r I - 
I TRUE@ 

4 OPENS 1.7A 

1.6A 
CLOSES - ON INITIALLY n 

I I I  n 
CLOSES K+[ CLOSES I- 

1 L - J  I 

r- OPENS 

I 



CLOSES 

I 

4 
i j 



7 -  
r 

I 
I 
I 

~~~ ~~~~~~~~ ~~ ~ ~~~~ 

N O R T H  A M E R I C A N  AVIATION,  I N C .  SPACE and INFORMATION SYSTEMS DIVISION 

OPENS 4 
BYPASS 
IUNCTION 4 

I 

1.0 TRAPS 
DEBRIS 

L 

CLOSES 

CLOSES 

-1 

I 
I 
I 

1 . l7A 
SELECTS 
1 . lOB 
(MANUAL) 

I . 11B 1.11A 1.11c I .I00 
OPER CLOSES 

- CLOSES 
- 

OPENS 
- - - 

I .I78 
SELECTS 

(STANDBY-REDU NDANT) 

1 . l7A 
SELECTS 
1 .1K 
(MANUAL) - 1.11c 1.11A 1 . 1 1 B  l . l K  

OPER CLOSES 
- CLOSES 

- OPENS 
- - - 

1.17B 
SELECTS 

(ADDED F O R  STANDBY l.lK 
- 

CREW SAFETY ONLY) (MANUAL) 

I --- 
U U U I  I -  

r -I TOO LOW I 

I 
I 
I 
I 
I 
I 
I 
f 

TRUE @ 

7.10A 

7.108 {-I 

,A OPERATES 

TO FIGURE S A  

- I 
- 1  

I 

I 
1.128 
CLOSES - 

1 .IZA 1 . l5A 
OPENS - OPER- - 1.138 1.13A 

OPENS 
(MANUAL) ATES (MANUAL) CLOSES 

I 
I 
L+ 

- J  

l.13A 
1.12A 
CLOSES - 1 .I20 1.158 

OPENS - OPER- - 
(MANUAL) ATES (MANUAL) 

SUPERSEDES NORMAL 
OPERATION DURING FILTER 
CHANGE ONLY 

Figure  8. Suit/Cabin Air  Circ:AiL Logic Diagram 

- 35, 36 - 7 
J' 
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FROM FIGURE 8 SENSES 

COOLS 
AIR 

COOLS 
AIR 

1 

r 
I 

I 
- L  

7 . 1 1 0  1.28 
SENSES , CONTROLS 
TRUE 5.5 
TEMP VALVE 

O F  TRUE 
INEFF BOIL 

- 1 1  I 
I 
I 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

- 

(ADDED FOR CREW SAFETY) 

i 

1.2IA 1.218 L---A L---A 
OPENS CLOSES SEPARATES - 
(MANUAL) OPENS CLOSES (MANUAL) H20. r--- -I r---- 

OPERATES ONLY WHEN 
H20 REMOVED FROM 
1.22A SEPARATOR 

I 

IF H T O O  
r -  
I 

I 

SENSES 
I 

OPERATES ONLY WHEN 
HzO REMOVED FROM 
1.224 SEPARATOR 

I 



/ 
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1.18 

(MANUAL) 
1.2 

- SELECTS 1.2 - 
OPERATES 

- 

1.18 
SELECTS 
BY PASS 
W N U A L )  

I - - - - ,  

Notes: 
Doer not include wound check-aut provisiora. 
Unless athenvise indicated parallel redundancy i s  

assumed rather than sequential redundancy. 
Normal operation and normal conditions d 

unless athewise indicated. 
lcgic based upon requirements for IUCCOSS. 

~ 

COMPONENT 
NUMBER 

1.1 
1.2 
1.3 
1.4 
1.5 
I .6 
1.7 
1 .8 
1.9 
1.10 
1.11 
1.12 
1.13 
1 .I5 
1.16 
1.17 
I .I8 
1.19 
1 .M 
1.21 
1.22 
1.24 
1.25 
1.28 
5.5 
5.13 
7.1 
7.3 
7.6 
7.7 
7.9 
7.10 
7.11 

ITEM DESCRIPTION 

Valve, check, mrpberry, -lly closed 
Heat exchalrger, air-air mpmmt ian  crass-flaw 
Valve, check, dual, butterfly, normally c l d  
Valve, limiting and mawol shutoff, normally open 
Cwwctor, nomKllly open 
Valve, check, flapper, normolly c l o d  
Camector, orifice, mrmoliy closed 
Debris trap, screen filter 
Catalytic f i l ter 
Campmuor, centrifugal, 10,000 rpm 
Valve, check, raspberry, ~ n m l l y  c l d  
Valve, manual shutoff, normolly open 
Valve, check raspberry, m r m l l y  c l a d  
C 0 2  a d  odor adsarbor 
Valve, pasure relief with manual averride, normally c l a d  
Switch, ratary, four-position assembly 
Valve, eIoctrically actuated cantral with manual averride 
Ibat exchanger, glycol-air aol.-flow 
Ibat exchanger, wuter-air --flow 
Valve, diverter, manual 
Water separator, with shutoff valve and actuator 
Tempemtun contrd, magnetic m p l i f i r  
Tempemtun selector, rheatat 
Tempemtun control, magnetic amplifier 
Valve, electrically actuated cantral with manual override 
Valve, check, quadruple d l y ,  normally open 
Sensor, air pressure 
Sensor, air tompemture 
Sensor, pressure differential 
Somar, pressure differential 
Senwr, air temperature 
Sensor, volt- indication 
Sensor, air tunperaturn 

LEGEND 

= CABIN EMERGENCY/SUIT MODE 

0 = HUMAN OPERATION 

0 = MECHANICAL OPERATION 

S/l/l =SENSES, TRANSMITS, AND INDICATES 

S/l/W =SENSES, TRANSMITS, AND WARNS 

@ =POSITION 

@ =PRESSURE 

@ = TEMPERATURE 

@ =VOLTAGE 

SV = SERVO VALVE 

O/C =OPEN OR CLOSED 

NOTE: 
A, B, C, ETC, AFTER COMPONENT NUMBER INDICATES 
POSITION IN CIRCUIT OF SUCCESSIVE IDENTICAL 
COMPONENT 

Figure  8a. Suit/Cabin A i r  Circuit Logic Diagram 
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I---------- 

* 

COMPONENT 
NUMBER 

2.1 
2 .2 
2.3 
2.4 
2 -5 
2.6 
2.7 
2.8 
2.9 
2.10 
2.12 
2.13 
2.14 
2.15 
2.16 
2.19/3.6 
2.20 
2.22 
2.24 
3.5 
3.7 
8.6 
0.9 
9.5 
9.6 

I 
I 
I IF WATER- GLYCOL 

CIRCUIT WILL OPERATE 
SUCCESSfULtY 

r 

- OR 
IF 

2.24A 
CLOSED 

OR - 
CLOSED 

r F 

2 .MA 2. 
I WENS - 01 

(AUTOMATIC) (AI 

2 .MA 2 .: 
or 

(AUTOMATIC) 

- - 
- - OPENS 

2 
2.MB 
OPENS * -  

- 
I - (AUTOMATIC) 

2. 
OPENS 0 

I 
I 
I 

- 

TRUE@ 

I I 

ITEM DESCRIPTION 

Valve, check, ball, mmvlllr c l o d  
Voln, relief, ball, mmvliiy c l o d  
Dirconnct, self-ling (two czmnectiom) 
Valve, manual hutoff, nomullly opn 

Had exchanger, water-glycol, pamlld-flo*r 
b m o i r ,  glycol, spring op.mtd 
Valn, -I ahutoff, d l y  apn 
Valn, d shutdo mnmlly opn 

Vain, dvol oloctriwlly actuotd Mho1 with nwwl a n t d o  
Valve, check ball, m a l t y  c l o d  
h p ,  glycol, ear, 6 . m  rpn 
Switch, rotary, four-position assembly 
Valve, dual, electrically actuated control with manual onrride 
Valve. ~ I r t r l c a l l y  act-td contrd, normally c l o d  
Tmpmtum contd, mqlNtic plpllflr 
Dlrconmct, wlf-woling, d l y  
1- ulrtar, rhDatat 
T . n p . m h J N  Mtd, mogntlc Plpllflu 
Smrwr, glycol hnprotun 
*, elrsol tmPuahJN 
Swruw, air tnnpmtun 
Smmr,  air tmpamhm 

Valve, check, ball, m l l y  op." 

Val*.. drnlcal ly  arhatmd 4 nonmlly apn 
T m p m t u n  sontml, -1s olp(1flU 

0 = HUMAN OPERATION 

=MECHANICAL OPERATION 

Sn/l *SENSES, TRANSMITS, AND INDICATES 

S / l / W  =SENSES, TRANSMITS, AND WARNS 

@ = POWER 

@ =HUMIDITY 

O/C = O E N  OR CLOSE0 

NOTE: 
A, 8, C, ETC., AFTER COMPONENT NUMBER INDICATES 
POSITION IN CIRCUIT OF SUCCESSIVE IDENTICAL 
COMPONENT 

1 
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I 
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Figure 14. Apollo Water-Glycol Circuli-Rellabllrty Analysis 
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INITIALLY O N  

7 TRUE@ 
2.15A 
OPERATES 

2.7A - OPERATES 

- 
IF  

(AUTOMATIC) 

2.78 8.16AQ 
OPERATE - S/T/I 

TRUE@ 
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TRUE @ (MANUAL) 

2 .8A 2.88 8.1 @ -- CLOSED o/c ~/VI 
TRUE @ 

- 
TRUE @ (MANUAL) (MANUAL) 

OPERATES 
8 . 2 8 0  

.n CLOSED 

OPERATE 2.16A 

OPERATE 

El OPERATES ,+7l-., 8 . 4 0  
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. 
2.4F 

MANUAL 
- o/c 

2.19 

(MANUAL) 

!$P -- 
I - 8 . 4 0  

I - %?a - 
I 
I -  

f TRUE @ - O K  
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/ ,  Figure 9. Water-Glycol Circuit  Logic Diagram 
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i 

BACK PACK 0 2  SUPPLY 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

I n I 
CLOSED rul I 

I 
I I 

4.13 
CLOSED I 

APPROACH REENTRY AND 
RECOVERY MODES ONLY 

(MANUAL) 

4.158 U 
pi--- TRUE @ 

i 
1 d (AUTOMATIC 8 0 5 0 M A T l c  

7.2A @ 
SENSES 

OPERATES 

OPERATES TRUE 

ITOMATIC =I TOMATIC 

COMPONENT 
NUMBER ITEM DESCRIPTION 

I ;  I 
4.8A 4.86 I 4.11 . - 4 . m  4.228 

CLOSED - CLOSED 

I 
2.x 
OPEN 

WWL) WI T W T l c )  WTOhWTlC) 

UTOMATIC 
RELIEVES 

Water Separator, with hutoff valve and actuator 
Disconnect, self-sealing (om connection) 
Valve, electrically actuated control, dual alrembly 
Pmrure control, magnetic omplifier rnrembly 

Tonk, Valve, oxygen manual storage, hutoff, 7.500 high prwure, pi -lly c l a d  
Valve, manual hutoff, high pnrwre, normally c l a d  
Valve, regulotor, high prewre, normally c l d  
Valve, check ball, normally open 
Valve, relief, ball, normolly c l o d  
Valve, relieFond manual hutoff, mmKIlly s l d  
Cap, sealing 
Valve, manual hutoff, normally c l d  
Valve, demand prawre and relief, -lly v n  

Valve, regulator, quadruple o ~ ~ m b l y  
Valve, regulator (dual) manual ovrrride 
Volve, regulator and relief, manual override 
Valve, regulator and relief, manual override 
knur, 0 2  partial ~ O S S U N  

S e w ,  pressure differential 
km, 0 2  flaw mte 
Samor, 0 2  p r a w n  (entry) 
S.w, paition 

Sensor, carm~nd module total pressure 

Valve, manual hutoff, nomKllly c l d  

knur. 0 2  plwum 

1.22 
2.3 
4.1 
4.2 
4.6 
4.7 
4.8 
4.9 
4.10 
4.11 
4.13 
4.14 
4.15 
4.16 
4.17 
4.19 
4.22 
5.11 
5.20 
7.2 
7.6 
9.2 
9.3 
9.4 
9.8 

10.5 

1 

I 
I 

n n n - I  
: L O I D  FHTHZ-H-l,, OPEN REGULATES rl CLOSED , 

1 0 = HUMAN OPERATION 

0 =MECHANICAL OPERATION 

@ = PARTIAL PRESSURE 

@ =TOTAL PRESSURE 

@ =FLOWRATE 

S/'l/l = SENSES, TRANSMITS, AND INDICATES 

S/r/W = SENSES, TRANSMITS, AND WARNS 

I 

NOTE: 
A, 8, C, ETC., AFTERCOMPONENT NUMBER INDICATES 
POSITION IN CIRCUIT OF SUCCESSIVE IDENTICAL COMPONENT 

Figure  10. Oxygen Supply Circuits Logic Diagram 
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WATER SUPPLY SYSTEM 

n 

I WATER I 

CLOSED rul 
SUPPLY 

OPERATE 

CLOSED 

w 

WATER 
SUPPLY 
WILL 
OPERATE t 

I 
J 

5.9 FUEL 
CELL 
OPERATES - O K  - . 
FUEL 
CELL 
OPERATES 

5.9 - O K  - . 
I 

I 
I 

CLOSED m- 
SHUTOFF 
VALM 
CLOSED 
(MANUAL) 

NUMBER I 

- 

I 
APPROACH, REENTRY, 
RECOVERY, AND MODES 
POST LANDING 

5.168 
CLOSED 
(MANUAL) 

J 

SHUTOFF 
VALM 
CLOSED 
(MANUAL) 

~~ ~ ~~ 

ITEM DESCRIPTION 

'2.3 
5.1 
5.2 
5.3 
5.4 
5 .E 
5.9 
5.10 
5.14 
5.15 
5.16 
5.17 

11.2 

Disconnect, self-sealing, (one connection) 
Disconnect, self-ding, normally closed 
Valve, check, preset, normally closed 
Valve, shutoff, manual, nonnally closed 
Valve, three-way, manual, narmally open 
Valve, shutoff, manual, normally closed 
Valve, check, ball, rpnnally c l a d  
Water tank, bladder 
Heat exchanger, glycol-water parallel flow 
Water tank, bladder 
Valve, three-way, manual, normally open 
Valve, shutoff, manual, normally closed 
Sensor, water quantity 

0 = HUMAN OPERATION 

0 =MECHANICAL OPERATION 

Sfl/l 

S/l/W 

= SENSES, TRANSMITS, AND INDICATES 

= SENSES, TRANSMITS, AND WARNS 

@ =QUANTITY 

NOTE: 
A, B, C, ETC., AFTER COMPONENT NUMBER INDICATES 
POSITION IN CIRCUIT OF SUCCESSIM IDENTICAL 
COMPONENT 
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Figure  12. W a t e r  Supply Circuit Logic Diagram 
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c t d 
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(MANUAL) 
O K  - 

A 

3.19 

(MANUAL) 
O K  - 

. 
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I 
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I 
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I 
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3.18A 
OPERATES 17 
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1 I -- 
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n 3.18B 

3.17A 
OPERATES 
3.18A 
(MANUAL) 

- 
POST LANDING MODE 

PENT 
_ _ _ _ ~ _ _ _ _ _ _ _ _  

ITEM DESCRIPTION 1 
,l 
12 
I9 
I 10 
12 
14 
17 
18 
5 

Valve, dual regulator and relief, with manual override 
Heat exchanger, air-glycol cross-flow 
Snorkel, inflow and outflow (required to operate post-landing only) 
Valve, manual shutoff, normally closed 
Valve, manual shutoff, normally closed 
Valve, diverter, manual. 
Switch, rotary, three-position, assembly 
Blower, fan, 6,000 rpm 
Sensor, command module total pressure 

0 = HUMAN OPERATION 

0 = MECHANICAL OPERATION 

S/T/I = SENSES, TRANSMITS, AND INDICATES 

S/T/W = SENSES, TRANSMITS, AND WARNS 

@ =QUANTITY 

NOTE: A, 6, C, ETC ., AFTER COMPONENT NUMBER INDICATES 
POSITION IN CIRCUIT OF SUCCESSIVE IDENTICAL 
COMPONENT 

Figure 14. Command Module P r e s s u r e /  Temperature  Control System Logic Diagram 
I 
I 
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Table 13 .  Reliability Apportionment of GSE Water - Glycol Unit 

I t em Descr ip t ion  

N, Circu i t  

Disconnect,  Quick 
Valve, Manual,  Shut-off 
Regulator,  P r e s s u r e  
Valve, Manual,  Bleed 
Valve, Vent, Relief 
Diaphragm 

Water  - Glycol C i rcu i t  

Disconnect,  Quick 
Senso r s ,  Temp. 
Senso r s ,  P r e s s u r e  
S a g e s ,  Mech. ,  P r e s s u r e  
S a g e s ,  Mech. ,  Temp. 
T r a n s d u c e r s ,  Temp. & Press. 
Con t ro l l e r ,  Temp. & P r e s s .  
Valves ,  Flow & P r e s s ,  Cont ro l  
Valves ,  Manual Shut-Off 
Valves ,  Solenoid 
Mete r ,  Flow 
Pump,  Vacuum 
Indica tor ,  Micron  
H e a t e r s  
Cont ro ls ,  Hea te r  
Exchanger ,  Heat 
Unit, Re f r ige ra t ion  
Valve,  Spring Loaded, Relief 
Valve ,  Check 
Pump,  Turb ine  
Switch,  P r e s s u r e  
Motor ,  P u m p  
Indica tor ,  Liquid Level ,  Mech. 
Switch,  Toggle 
L a m p  
Valve,  F lange  
Ins t rumen t ,  T e e  
Jo in t s ,  Welded 
R e s e r v o i r  
Valve,  Fill 

~~ 

Quantity 

6 
4 
2 
3 
1 
4 
2 
2 
8 
7 
1 
1 
1 
2 
2 
1 
1 
2 
2 
1 
1 
1 
1 
7 
7 

40 
11 

100 
1 
1 

Complexity 

10 
5 

10 
5 

10 
25 

1 0  
5 

20 
20 
20 
30 
40 
40 

5 
10  
30 
40 
30 
1 
2 
1 

250 
1 0  

5 
1 5  
1 5  
1 5  

1 
1 
1 
1 
1 

1 
5 

F a i l u r e  
Rate  

P e r c e n t  A 
Thousand 

2.  86 
1 . 4 3  
2. 86 
1 . 4 3  
2. 86 
7. 1 5  

2. 86 
1 . 4 3  
5. 72 
5. 72 
5.  72 
8. 58 

11 .44  
11 .44  

1 . 4 3  
2. 86 
8. 58 

11 .4% 
8. 58 
0. 29 
0. 57 
0. 29 

71. 50 
2. 86 
1 . 4 3  
4. 29 
4. 29 
4. 29 
0.  29 
0. 29 
0. 29 
0. 29 
0. 29 

0. 29 
1 . 4 3  

Equiva len t  
M T B F  
( h r s )  

34 ,950  
70 ,000  
34 ,950  
70 ,000  
34,950 
14 ,000  

34,950 
70 ,000  
17, 500 
17 ,  500 
17 ,  500 
11 ,700  
8, 720 
8, 720 

70 ,000  
34 ,950  
11, 700 

8 ,720  
11, 700 

345 ,000 
175 ,000  
345,000 

1 ,400  
34,950 
70 ,000  
23,300 
23,300 
23, 300 

345 ,000 
345,000 
345,000 
345.000 
345,000 

345.000 
70 ,000  

Equivalent 
Cycles  

1455 

L65, 000 

A s s u m e d  
Usage 

Cy I H r s .  

1 I24  

32/24  
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minimum values which must  be obtained in o r d e r  to meet  an  overal l  300-hour 
MTBF requirement.  

Fa i lure  r a t e s  a r e  additive and, accordingly, trade-offs can be intro-  
duced in a simple manner. 
outside of practical  achievement, this value may be lowered and "traded-off" 
with other  component values to a r r k e  a t  the s a m e  cumulative total. 
i f  pa r t s  can be obtained that a r e  generally bet ter  than the apportioned 
reliabilitv figures,  the reliability of the GSE mission essent ia l  equipment 
(GSEMEE) for  a 50-hour mission t ime may be greatly improved. 
the system checkout console and the water-glycol unit as comprising the 
GSEMEE and each just  meeting a 300-hour MTBF, the reliabil i ty of the 
GSEMEE for  a 50-hour maintenance-free mission t ime is 0. 74082, that is, 
the probability of the GSEMEE failing during a 50-hour mission is 0. 25918. 

Should any component-apportioned value be 

Also, 

Considering 

The analysis contains the quantities of each component and the relative 
complexity values. 
which a r e  also shown. 
Water-Glycol c i rcui t  for ease  of use. 

The equivalent cycles a r e  based upon assumed frequencies 
The analysis is divided into an N2 circui t  and a 

ELECTRICAL POWER SUBSYSTEM 

Fuel  Cell Module 

Reliability analysis of the fuel 
through June 1962 has  been oriented 

cell  subsystem during the period April  
towards reapportioning the fuel cell  

module failure mode analysis and defining a qualification-reliability t e s t  
plan. 
operation have been noted and design action have been taken to eliminate o r  
minimize all  f i r s t -order  fa i lure  modes. 

F i r s t -o rde r  fa i lure  modes that have a deleterious effect on module 

The reliability objective for the individual fuel cel l  module has  been 
changed f r o m  0. 868 to 0. 971 to be consistent with the Apollo mission 
requirements .  

Reliability Re appo r tio nm en t 

During the l a s t  qua r t e r  a numerical  reliability anzlysis was performed 
on the fuel cell subsystem, including its instrumentation. The resu l t s  of 
this analysis proved to be incompatible with overal l  sys tem reliability 
requirements ,  and following design improvements a new analysis will be  
made. 
and the procedural s teps  taken to accomplish the apportionment of the sys tem 
reliability requirement. 

The following paragraphs indicate the s ta tus  of this activity to date, 

-52  - 
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Component Operating Character is t ics  Study 

Component operating character is t ics  were  studied to determine their  
Based on this study, components were  classified effect on mission reliability. 

as operational for  the full duration of the mission o r  operational fo r  shor t  
finite, durations. 
to operate  continuously throughout the mission. 
operate  a t  intervals  during the mission, the t ime was adjusted accordingly. 

A 400 -hour mission t ime was used for  components required 
F o r  components required to 

Component Ranking. A l l  components were  ranked and as signed relative 
reliability indicies expressed  in t e r m s  of relative fai lure  ra tes .  

Fa i lure  Rate Study. Fa i lure  ra te  data f rom various sources  were  
evaluated and compared to the relative failure r a t e s  assigned to all components 
by the ranking method. Adjustments were  made where necessary.  The 
fai lure-rate  data sources  used a r e  cited in References 1, 2 ,  4, 6, and 10. The 
failure ra tes  exhibited under a known set of environmental conditions were  
adjusted to the operating s t r e s s e s  to which the components will be subjected. 

Logic Diagrams 

A reliability logic diagram was prepared  fo r  the sys tem as an a r r ange -  
ment  of major  blocks (F igure  15) in o rde r  to show the effect of a fa i lure  on 
the sys tem operation. Each major  block is an arrangement  of components 
a s  shown in Figures  16 and 17. 

Numerical  Reliability Analysis 

This analysis is  intended to provide a bas i s  for  the apportionment of 
the sys tem reliability requirements  to establish independent module and 
component reliability objectives and to aid in selecting the bes t  sys tem and 
component designs by appraising the relative effects of different components, 
the redundancy of the par t s ,  and other factors  contributing to reliability. 

Reliability Objective s 

The reliability objective for  the complete fuel cell  subsystem is 0. 9977 
The reliability objective for  the independent module f o r  a 400-hour mission. 

was estimated to be 0. 868 f o r  the same mission. 
individual modules was  based on a subsystem which provides normal  power 
when two o r  m o r e  modules a r e  operating and emergency power when two 
modules fail. 
component reliability objectives. 

The reliability objective f o r  

This reliability objective was fur ther  apportioned to establish - - 53 - 
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MODULE 

N2 REGULATOR I 
I 

I 

MODULE RELIABILITY = 0.868 

R = 0.9547 

R10.9973 

I 
I 

I 
I 

I 
O2 REGULATOR 

H, REGULATOR 
1 

R = 0.9828 

R10.9835 1 
1 

I MOTOR - PUMP-SEPARATOR-VALVE ASSEMBLY I R=0.9865 I 
~ ~~ 

I MOTOR - PUMP-ASSEMBLY-GLYCOL 
I 

~~~ 

R = 0.9916 I 
I 

I I 

R=0.9960 REGENERATOR BY-PASS-H2 
I 1 

ACCUMULATOR 

I 
I 

REGENERATOR BY-PASS VALVE-GLYCOL 

REGENERATOR - H, I 
R = 0.9978 

R = 0.9988 I 
I 

I 
1 REGENERATOR - GLYCOL 

I 

~~ ~ 

R=0.9988 I 
CONDENSER 

I TUBING AND MECHANICAL CONNECTIONS 

R = 0.9988 

T -  T 0 . 9 9 9 4 0  1 
I 2 PREHEATERS 

~~ 

I WIRING AND ELECTRICAL TERMINALS 

R = 0.99940 

1 
I 

~ ~~ 

3 SHOCK MOUNTS 

N2 TANK 
I 

I 

1 I NSTRUME NTATION R = 0.99968 I 

R = 0.99958 

R=0.99%0 

1 
I 

I MODULE JACKET I R=0.99986 I 
~ 

I 
I 

2 POROUS PLUGS 

2 PURGE VALVES 

I 

I 
R = 0.999920 

R=0.999980 

I 

I PRESSURE RELIEF VALVE R = 0.9999948 
I I 

I FILL VALVE - Np TANK R=0.9999972 

Figure  16. Fuel Cell  Module Assembly Simpllfied Reliability Logic Diagram 
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H2 SQUIB VALVE R = 0.9999930 

I S  OLATl ON GROUP RE LlABl LlTY = 0.999986 

. 

Figure 17. Fuel  Cell Module Simplified Reliability Logic Diagram 
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a Review of Objectives 

The component reliability objectives were  reviewed whenever a design 
change was made, o r  whenever failure rate data  became available. 
goals were  established as required,  and their effect on the remaining 
components of the independent module was analyzed. 
reviews have been performed.  

New 

To date, three major  

Monte Carlo Analysis 

To demonstrate the physical meaning of the component failure rates 
and random fai lures  associated with the subsystem operation during a 
400-hour mission, the Monte Car lo  method was applied to simulate operation 
on flights to the moon and return.  The mathematical  model provided mission 
r ea l i sm through random determination of fa i lures  by simulating 70 complete 
flights. 
the t ime of failure,  the flight on which i t  occur red ,  and the status of 
system-power output as the resu l t  of the component failure.  

In case  of a failure,  the model indicated which component failed, 

Failure-Mode Analysis 

A f a i l u r e  mode analysis,  considering each component of an individual 
fuel cel l  module, has been completed during the reporting period. 
failure mode analysis (Table 14) considers the component, failure modes of 
the component, probable cause of each fai lure ,  the effect of the fai lure  on 
miss ion  success  and on crew safety,  and a remarks column showing possible 
cor rec t ive  action to preclude a failure.  
deleterious to the individual module in which the fai lure  occurs .  There  a re  
no propagating o r  sequential fa i lures  that will cause a loss  of the ent i re  fuel 
cel l  subsystem. 

0 The 

All f i r s t -o rde r  fa i lures  a r e  

Design Improvements 

A s  a resul t  of reliability considerations and design reviews the 
following design improvements have been incorporated into the fuel  cell  
subsystem: 

1. Secondary regenerative by-pass valve - improved porting by 
providing a more thermally efficient contact area of fluid 
(hydrogen) with the thermostat .  

2. Nitrogen tank - improved circumferent ia l  weld a r e a  for ease  of 
ins tallat  ion and inspect ion. - - 57 - 
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3.  

4. 

5. 

6. 

7 .  

8. 

9. 

10. 

11. 

Regenerator  by-pass  valve (bi-metallic) - added brazing of locknut 
to prevent any possibility of i t  vibrating loose; increased brazing 
a r e a  around tube connection to distribute s t r e s s .  

Glycol accumulator - changed mounting to provide g rea t e r  
res i s tance  to vibration and shock. 

Condenser - increased brazing a r e a  around tube connections to 
distribute s t r e s s ,  redesigned header connections and tubing to 
give g rea t e r  s t rength and simplify brazing. 

Water discharge valve - eliminated one s e t  of bellows to prevent 
hydrogen f r o m  leaking into potable water;  redesigned assembly 
to facil i tate checking of valve-pressure setting, and improved 
hydrogen and water inlet. 

P r e s  s u r  e regulator mounts - eliminated mater ia l  which showed 
sublimination problems in space vacuum. 

Segmented manifold - proposed al ternate  design to reduce s t ress ing  
of components, el iminate sealing problem, simplify manufacturing 
and assembly,  and reduce human e r r o r .  

Circulation pump and separa tor  - changed porting of hydrogen and 
water inlet to  reduce turbulence and slugging of water and added 
labyrinth seal to prevent water accumulating in pockets; performed 
design-information t e s t  to evaluate vane mater ia l  relative to wear 
propert ies ,  evaluate bearings relat ive to capacity and sealing, and 
t e s t  material compatability; improved manufacturing and assembly 
procedure of motor ro tor  and s ta tor  to allow checking of ro tor -  
to-s ta tor  clearance.  

Glycol coolant pump - initiated design information t e s t  of compatible 
mater ia l s  re la t ive to graphite bearings reacting with the s ta inless  
s tee l  shafting (carbon in the graphite bearings can r eac t  with the 
chrome in the s ta inless  s tee l  in the presence  of water  under 
stagnant conditions and cause pit corrosion) . 

Torsion rod sys tem - increased beam strength of linkage beam and 
simplified the forging process  to produce this par t ,  reduced friction 
at contact and pivot points of linkage sys tem,  and simplified 
assembly by making rods symmetr ica l  so they can be assembled 
either way, reducing human e r r o r ;  insulated piping of p r imary  
regenerator  to prevent any shorting of electrodes due to vibration 
and shock during launch. 

- 63 - 

SID 62-557-2 



N O R T H  A M E R I C A N  A V I A T I O N ,  INC.  SPACE and INFORMATION SYSTEMS DIVISION 

% 

12. 

13. 

1’4. 

15. 

16. 

17. 

18. 

Module jacket - eliminated brazed joint between insulation screen  
and l iner to eliminate any contamination due to flux. 

Secondary loop regenera tor  - increased brazing a r e a  around tube 
connections to distribute the s t r e s s ,  and designed header  
connections and tubing to give grea te r  s t rength and simplify 
b r a  zing. 

Heater ha rness  - initiated study of design of a built-in fuse as a 
fail-safe device in event of a short .  

Intermediate mount bracket  - recommended machining procedure 
to minimize human e r r o r ,  and a le r ted  quality control fo r  fur ther  
s tudy . 

Control c luster  assembly  - eliminated pres t ress ing  of tubing 
joints, redesigned piping subassembly to simplify brazing to allow 
for  systematic  checking of all joints for  leaks,  thereby decreasing 
the possibility of human e r r o r ,  located component piping to prevent 
interaction during vibration and shock, specified close quality 
control of all assembly and testing procedures ,  and simplified 
assembly of components to allow accessibil i ty for  replacement  
during all phases  of testing. 

Instrumentation - utilized redundancy and fail-safe techniques to 
maximize c rew safety. 

Mechanical connections - performed design-information tests on 
welding and brazing techniques to es tabl ish rigid quality control 
procedures  to insure  achievement of all performance requirements .  

Tes t  Procedure  F o r m a t  

A tes t -procedure outline intended to ensure a uniform format  for  t e s t  
procedures  was prepared in accordance with SID 62-332l, SID 62-2042, 
Mil-T-91073, and Mil-T-183034, and plans were  begun for  the use  of standard 
tes t s  in module testing. 

One standard t e s t  will consis t  of a predetermined power-demand cycle 
using high loads and changes of load to cause above-normal s t r e s s e s  on 
par t s .  
s t r e s s e s  which were  the causes  of failure in the component failure-mode 

The demand cycle will be designed par t icular ly  to  reduce those 

1 - Reference 2 
2 - Reference 9 
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analysis.  
safety fac tors  for  the c r i t i ca l  modes.  

The intent is to cause fai lures  in a sho r t  t ime and thus to establish 

Additional s tandard tes t s  for environmental conditions have been 
studied in which the environments will be var ied through normal  and 
above-normal levels. 
cause fai lures  in a shor t  t ime with a l imited sample and thus to establish 
the safety factors  for  environmental failures.  

In this s ea rch  fo r  c r i t i ca l  weakness the intent is to 

Developmental Tes  tinq 

Subscale Single Cells 

A multivariate program has been prepared  to investigate the following 
charac te r i s t ics  of 5-inch electrodes:  

Electrode reproducibility in t e r m s  of measurable  physical propert ies ,  
performance and endurance. 

Relationship between measurable  physical  propert ies  and performance 
and endurance charac te r i s t ics .  

Correlation between the measurable  physical  propert ies  of e lectrodes 
and the measurable  physical propert ies  of the excess corners  obtained 
when the c i rcu lar  electrodes a r e  cut f r o m  square  plates. 

A sample of approximately 40 se t s  of five-inch hydrogen and oxygen 
fuel-cel l  electrodes will be available for  designed-experiment evaluations. 
Non-destructive inspection will be conducted on a l l  electrodes and nine s e t s  
will be systematically selected for  destructive inspection. The measurement  
of physical  propert ies  will be used to determine the within-unit, unit-to-unit, 
and t ime-to-time components of variance f o r  each respective response.  The 
responses  to  be measured  will include mean pore  s i ze ,  nickel powder shape, 
open and total porosity,  s inter  thickness, permeabili ty,  bubble p re s su re ,  
X-ray diffraction, and chemical content. 

The  remaining se t s  of electrodes that have not been used to obtain 
destruct ive inspection responses  will be operated individually to obtain 
per formance  profiles. 
at open-circuit conditions to determine the running-time-to-failure. 
endurance tes t s  will be conducted simultaneously in the same  tempera ture  
oven to minimize the influence of experimental e r r o r  on tes t  resul ts .  

The electrodes will then be operated simultaneously 
The 

This p rogram is just  getting under way and will require  approximately 
two months tb complete. e 

- - 65 - 
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Apollo-Size Single Cells 

Manufacturing P r o c e s s  Investigation. A multiple-balance desi  ned 
experiment has  been prepared  to determine the relationship betwee 
measurable  physical propert ies  and the performance - to - endurance 
te r i s t ics  of Apollo-size e lectrodes,  and to evaluate the activation rocess  
variables for  the oxygen electrode. 

4 harac  - 

Two levels each of four measurable  physical property variables will 
be investigated. These var iables  include the thickness of the fine pore,  the 
percentage porosity of the fine pore,  mean s i ze  of the coa r se  pore,  and the 
percentage porosity of the coarse  pore.  
variables which will be  studied simultaneously (at each of two levels) include 
oxidation t ime, oxidation temperature ,  and activation-solution concentration. 
A total  of sixty-four electrodes will be available (four electrodes each of 
sixteen unique electrode configurations). These electrodes will be randomly 
a s  signed to the factor-level combinations of the activation process  matr ix .  

The three  activation process  

It should be noted that this p rogram in its present  fo rm is dependent 

In the event that unanticipated resul ts  occur ,  this program 
on assumptions about the outcome of the subscale-single-cell  p rogram 
descr ibed above. 
will b e  revised. 

Apollo Operating P a r a m e t e r  Evaluation. A full-factorial designed 
experiment has  been prepared  to determine both the separa te  and combined 
effects of three operating variables on electrode performance to endurance. 
These variables and their  respective levels include the p r e s s u r e  differential 
at two levels,  the temperature  a t  th ree  levels ,  and percent  electrolyte 
concentration a t  two levels. Each of the twelve factor- level  combinations 
will b e  repeated four t imes and forty-eight electrodes will, therefore ,  be 
required.  
selected on the basis  of cur ren t  thought on the optimum charac te r i s t ics  
required.  
which will be conducted concurrently with this experiment,  a new combination 
of optimum character is t ics  may be  determined. 
improvement in electrode s ta te-of- the-ar t  be  indicated, a follow-on 
performance parameter  evaluation will be required.  

The par t icular  electrode configuration to be used has  been 

At the conclusion of the manufacturing process  investigation, 

Should a significant 

Identification Procedures  

During the past  quar te r  c r i t e r i a  have been established to be used in 
determining the serialization of fuel cell  pa r t s  and components. 
c r i t e r i a  used to determine the mode of identification a r e  as follows: 

The 
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e Serialization 

The unit is a separa te  function identity, (control, regulator,  single 
cell) .  

The p a r t  is subject to wear,  (gears ,  pump vanes,  bearings).  

The pa r t  can cause a cr i t ical  fa i lure  of the system. 

The unit is a salable i tem, (single module or spares) .  

Heat Coding 

The p a r t  is highly s t r e s s e d  and cr i t ical ,  ( t ierods),  

The p a r t  is c r i t i ca l  with sensitive manufacturing processes ,  (teflon 
sea l s ,  electrode s in te rs ) .  

The specific units now considered fo r  ser ia l izat ion a r e  identified by 
an x in Table 15. 

Table 15. Units Considered f o r  Serialization 

Part Name 

Complete powerplant assembly 

Assembly of fuel ce l l  element 

Assembly of fuel elements 

Assembly of oxidizer element 

Fue l  s in te r  mater ia l ,  f ine 

Fuel  s inter  mater ia l ,  coa r se  

Oxidizer s inter  mater ia l ,  fine 

Oxidizer s inter  mater ia l ,  
c o a r s e  

P a r t  
Number 

600 100 

600072 

600069 

600066 

600053 

600055 

600057 

600058 

Data 
P la t e  

X 

Se r i a l  No. 
Required 

X 

X 

X 

Heat Code 
Required 

X1 

X1 

X1 

XI 
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Table 15. Units Considered for  Serialization (Cont) 

P a r t  Name 

Fue l  cell  gasket 

Electrolyte 

Fue l  cell  heating element 

Fue l  cel l  ceramic  pigtail 
connector 

Fue l  cell  resil ient mount 

Assembly of water check 
valve 

Water check diaphragm 

Assembly of pr imary 
circulation pump 

Assembly of pr imary  
circulation pump ro tor  

P r i m a r y  circulation pump 
vane 

P r i m a r y  circulation pump 
bearing 

P r i m a r y  circulation pump 
motor  stator and housing 

P r i m a r y  circulation pump 
motor  rotor and s leeve 

P r i m a r y  circulation pump 
motor  receptacle 

P a r t  
Number 

600010 

600060 

601246 

601319 

600144, 
145 

600137 

600131 

601324 

601342 

601343 

601341 

601386 

601387 

601 359 

~ 

Data 
P la te  

Se r i a l  No. 
Required 

X 

X 

X 

X 

X 

X 

X1 

X 

X 

x \  

X 
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Table 15. Units Considered for  Serialization (Cont) 

Part Name 

P r i m a r y  circulation pump 
motor  magnetic pickup 

P r i m a r y  regenerator 

Assembly of pr imary  regen- 
e ra to r  by-pass valve 

P r i m a r y  reg enerator by -pas s 
valve bimetallic element 

Secondary pump assembly 

Secondary pump ro tor  
as s embly 

Secondary pump stator  
as s embly 

Secondary pump gear 
d r ive r  

Secondary pump gear  idler 

Secondary pump front bearing 

Secondary pump rea r -d r ive  
bearing 

Secondary pump r e a r  idler 
bearing 

Secondary pump r e a r  bearing 

Secondary pump receptacle 
assembly 

Part 
Number 

601385 

601 247 

600186 

600147 

60021 5 

600214 

600222 

60021 2 

60021 3 

600203 

600204 

600205 

600220 

600218 

Data 
Plate  

Ser ia l  No. 
Required 

X 

X 

X 

X 

X 

X 

X 

X1 

X1 

X 

X1 

X1 

X 

X 

~ 

Heat Code 
Required 
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Table 15. Units Considered for  Serialization (Cont) 

Part Name 

Secondary pump magnetic 
pickup 

Assembly of secondary 
regenerator  

Secondary regenerator  by- 
pass  valve thermos tat 
assembly 

Secondary regenerator  by- 
pas s  valve diaphragm 

Water discharge valve 
diaphragm 

Solenoid valves 

EBW valves 

Relief valve 

Electr ical  connectors 

P r e s s u r e  pickups 

Tempera ture  pickups 

Teflon pipe packings 

Reactant p re s  s u r e  regulator 
ass embly 

Assembly of reactant  p r e s -  
s u r e  regulator bellows 

Nitrogen regulator assembly 

~~ 

P a r t  
Number 

601459 

600962 

601457 

600022 

600954 

600073 

Data 
Plate 

Serial  No. 
Required 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 
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Table 15. Units Considered for Terialization (Cont) 

Part Name 

Nitrogen regulator bellows 
assembly 

Assembly of nitrogen tank 

Nitrogen tank half 

Assembly of reactant 
prehea ters  

Assembly of module jacket 

Lower p re s su re  module jacket 

Module insulation jacket 

Tierod system tors ion t ierod 
as s embly 

Tierod sys tem tors ion rod 

Tierod system tie bolt 

Tierod sys tem coupling nut 

Tierod sys tem hub 

Tierod sys tem bearing ring 

Assembly of unit condenser 

Assembly of glycol tank 

Glycol bladder 

P a r t  
Number 

600950 

600138 

6001 39 

601233 

601400 

601414 

601448 

600973 

600969 

600970 

600971 

600968 

600974 

601213 

600118 

Data 
P la te  

Se r i a l  No. 
Required 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

Heat Code 
Required 

X 

X 

X 

X 

X 

1 - Marking must  be on packaging rather  than on individual pa r t s .  
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Elec t r ica l  Distribution Subsystem 

NASA and S&ID approval was obtained fo r  the redundant dc and a c  bus 
s t ruc tures .  
for  the s t ructures  and three  s ta t ic  inver te rs ,  any one of which will provide 
the a c  power requirements .  

Reliability analysis was emphasized in verifying the requirement  

A fur ther  apportionment of components was made as shown in Table  16. 

Table 16. Electr ical  Distribution Subsystem Reliability Apportionments 

I tem 

Supercr i t ical  gas  s torage fuel cel l  reactants  

Fuel  cell  subsystem 
Fuel  cell  module 

DC distribution ( 2  buses)  
GSE umbilical connector 
Command module - se rv ice  module 

Sequencer 
connector 

AC generation and distribution 
Single s ta t ic  inverter  

Entry bat ter ies  
Battery charger  (2 required) 

Reliability 

0.9989 

0.9977 
0.971 

0.9962 
0.99999 

0.99995 
0.99999 

0.99999 
0.9786 

0.99993 
0.995 

Reliability evaluations of potential suppl iers  for  s ta t ic  inver te rs  and 
reent ry  bat ter ies  was completed. 

Space Radiators 

Two fuel cel l  space  radiator  configurations were  studied to  determine 
which would provide the higher reliability. The first configuration (F igure  
18) consists of two rad ia tors  with a single coolant loop. 
configuration (F igure  19) consists of th ree  rad ia tors  with redundant coolant 

The a l te rna te  

loops. 
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Numerical Analysis 

Standard fai lure  rates f rom the Mart in  Handbook of Generic Fa i lure  
Rates1 were  used for conducting the analysis.  

The numberical  analysis for  both sys tems is as follows: 

Component Values - 400-Hour Mission 

Lines R = 0.99998 = 0. O5/million hours  

Fittings R = 0.99998 = 0. 05/million hours 

Valve R = 0.99816 = 4. 60/million hours 

Probabili ty of Fa i lu re  in Radiator Loop Due to Meteroids 

Total  probability = 0. 9999000 

Probabili ty per  fuel cell  loop = 0. 9999875 

Probabili tv of Mission Success  

Configuration 1 - 0.9999999549 , = .011275 fai lures/mil l ion hours  

Configuration 2 = 0.9999999823 , = .004425 fai lures/mil l ion hours  

The numerical  analysis for  probability of mission success  shows a 
negligible difference in reliabil i ty,  and both are significantly higher than the 
apportioned reliability requirement  of 0. 9998 f o r  the radiator  loop 
subs y s tem.  

Other pa rame te r s  such a s  weight and complexity were  analyzed. The 
two - rad ia tor ,  single -loop configuration was approximately 10 pounds l ighter 
than the three- rad ia tor ,  redundant-loop configuration; the smal le r  unit had 
six components compared to a total of 28 components for  the l a rge r  one. 
The two-radiator,  single-loop configuration is the bes t  sys tem for  meeting 
sys t em requirements .  

Meteoroid Protection 

A reliability study to determine probability of meteoroid penetration 
on space  radiators  with no meteroid protection, and with 0. 10 inch-thick 

1Reference 4 
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.1 

tube walls was conducted. 
are a s  follows: 

A summary  of the reliabil i ty resu l t s  and analysis 

Reliability of the electr ical  power subsystem with no meteoroid 
protection = 0. 99977. 

Reliability of the electr ical  power subsystem radiator  with 
0. 100 thick tube walls 3 0. 99977. 

Since these resu l t s  indicate that the EPS radiator  reliability, with no 
meteoroid protection, sat isf ies  the apportioned reliability requirements ,  
redundant radiator loops would not appreciably enhance the sys t em 
reliability. The detailed calculations supporting these reliability figures 
a r e  a s  follows: 

Probabili ty of Meteoroid Penetrat ion Analysis 

Case 1 - Tube W a l l  Thickness: 0.032 inch 

P / D  = 3 .5  

V e l  = 20 Km/sec  

Semi-infinite ta rge t  factor = 1.25 

Tube-wall thickness = 0. 032 

Diameter of par t ic le  = 0.032/1. 25 x 3. 5 = 0. 00731 in 

p of part ic le  = 3.5 g m / c c l  

Mass  = 1 / 6  nd3  in3 x p g m / c m 3  x 16.387 cm3/in3 

3. 1416 (7. 31 x 1O-3)3 3.5 x 16. 387 

= 0.523 x 390.62 x 10-9 x 0.57.354 

= 1.2824 x 10-5 gm 

P a r t / M 2 / s e c  = 

Reference 5 
1 
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Probabili ty = 10-8/10. 76 x 1. 2 x l o 6  

= o.o01115/sq f t  

Three  radiator  loops o r  0. 524/3 = 0.’18 sq f t  c r i t i ca l  a r e a  pe r  loop 

0.001115/0.18 = 0.00617 o r  0.99383 

Reliability of radiator  loop = R13 t 3R2 (1-R) 

0.98149 t 0. 01828 = 0.99977 

Case 2 - Tube W a l l  Thickness: 0. 100 inch 

P / D  = 3.5  

V e l  = 20 Km/sec  

Semi-infinite ta rge t  - 1. 25 

Tube wall thickness = 0. 1 

Diameter of par t ic le  = 0. 1/1.  25 x 3. 5 = 0. 0228 in 

p of par t ic le  = 3.5 g m s / c c  

Mass  = 1 / 6  nd3 x p x 16. 387 

= 3. 14/6 (2.28 x 3.5 x 16. 387 

= 0.523 11.85 x 57. 354 

= 3.5545 x 10-4 gm 

P a r t / M 2 / s e c  = l o m 9  

Probabili ty = l O - q / l O .  76 x 1. 2 x l o 6  

= 0.000111/sq f t  

Th ree  radiator  loops o r  0.524/3 = 0. 18 s q  f t  c r i t i ca l  a r e a  pe r  loop 
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0.000111/0.18 = 0.000617 = 0.999383 

3 Reliability of radiator  loops = R1 t 3R2 (1-R) 

0.998149 t 0.001828 = 0.0999977 

Note: 

P / D  = penetration depth pe r  character is t ic  dimension of projecti le 

K m  = thousand m e t e r s  

P = density in g r a m s  per  cubic centimeter 

Combined Svstem Studv 

A study was completed on the advisability of integrating radiators  f o r  
the environmental control and electr ical  power subsystems.  This analysis 
resul ted in the conclusion that a non-integrated approach was advantageous 
for  the following reasons.  

It was subject to fewer f i r s t -order  fa i lure  modes. 

It has a grea te r  tolerability to fa i lures .  

It precludes interactions of subsystems. 
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ST AB I LIZ AT ION AND CONTROL SUB S Y  S TE M 0 
Analysis of the stabilization and control subsystem (SCS) has  considered 

only faulty e lectronic  outputs and inputs of major  SCS blocks. The effect of 
each malfunction on mission success  and compensation for  it a r e  presented 
in Table 17. 
spare ,  o r  repair .  The final l i s t  of on-board redundancies, spares ,  and 
spare  pa r t s  has not yet been defined. 

"Repair if possible" means to use a redundant circuit ,  use a 

The effect of a failure on the mission and on crew survival will depend 
on the conditions under which the failure occurs .  In most  instances,  if a 
malfunction i s  detected, there will be time to make intelligent decisions. 
However, there  wi l l  always be the possibility of a dangerous failure at  a 
c r i t i ca l  moment. 
through a continuous updating of this analysis.  

The likelihood of such an occurrence will be reduced 

The probability of a malfunction occurrence was not considered. By 
making dangerous possible malfunctions evident, this  report  should cause 
design changes which will  reduce this probability. Later  failure analyses 
will include the failure -probability factor. 
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EARTH LANDING SUBSYSTEM 

Pyrotechnic Requirements 

An evaluation was made to determine the number of pyrotechnic 
init iators needed fo r  each of the ear th  landing subsystem functions. Since a 
para l le l  channel sequencer will  be used, one initiator in each channel for  each 
function will  provide the required redundancy to meet  the system-reliabil i ty 
requirements .  

System Function 

No  1 drogue chute m o r t a r  initiation 

No 1 drogue chute re lease  

No  2 drogue chute m o r t a r  initiation 

No  2 drogue chute re lease  

Main chute deployment ( 3 pilot chutes) 

Parachute  bridle re lease  

Upper heat shield jettison initiation 

Lower heat shield re lease  

TOTAL 

Pyrotechnic Init iators 
Re qui red  

2 

2 

2 

2 

6 

2 

2 

2 

20 

Pyrotechnic Ignition 

A qualitative reliability study of explosive-bridge-wire ve r sus  hot-wire 
ignition of pyrotechnic devices was performed. The resu l t s ,  summarized in 
Table 18, reveal  that e i ther  method when properly designed, would meet  
reliability and safety requirements.  
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System 

E B W  

Hot- Wire 

Table 18. Summary of Considerations of 
E B W  and Hot-wire Ignition Methods 

Advantages 

Inherently safe 

Acceptable ele ct ri cal 
reliabil i ty 

High probability of ignition 

Low sensitivity to high 
temperature  and shock 
(does not contain 
p r imary  explosive) 

Simple 

Fully developed state-of-the- 
a r t  

Economical 

High e lec t r ica l  reliability 

Easy  to check 

Light weight if safe -a rm 
not r e  qui red 

~~ 

Disadvantage s 

Gap tube outgassing 

Shut down transients  

Difficult to check 

Radiation effects unknown 

Low temperature  effects 
unknown 

Probable need for  coded 
signal 

Safety precautions required 

More sensitive to high 
temperature  and shock 
unless properly protected 
(contains pr imary  
explosive) 

Radiation effects unknown 

Low temperature  effects 
unknown 
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Access  Hatches 

Several  methods fo r  securing spacecraft  access  hatches have been 
evaluated. 
square-foot door. 
to secure  and sea l  the door during the mission. 
weighs 40 pounds in addition to the weight of the door. The question of 
whether the crew could handle this  m a s s  during an  emergency has  been 
raised.  The second method involves ingress  through a 7 . 7  square-foot door 
located in turn  in a 21 square-foot blow-out panel that would be employed f o r  
emergency egress .  Latching of the ingress  door would be accomplished 
through cam-lock levers ,  worm gears ,  mechanical actuators ,  and other  
securing devices. 
reliabil i ty viewpoint. 

One method involves ingress  and emergency e g r e s s  through a 7 .7  
This approach requi res  a quick opening latch mechanism 

The proposed mechanism 

Each of these approaches is satisfactory f r o m  a 

Parachute  Deployment 

A reliability analysis was made to evaluate three  different methods of 

It consisted of two identical drogue 
deploying the cluster  of three main parachutes.  
was that proposed by Northrop Ventura. 
parachutes,  with each having the capability of deploying the cluster .  At 
S&ID's request additional studies were  performed by Northrop Ventura. 
second method studied was  the same as the first, except that only one drogue 
was  used; a third method considered included no drogue, the main parachute 
being deployed individually b y  the use of mor t a r s .  

The f i r s t  method considered 

A 

The resu l t s  of the evaluation were  as follows: 

If a drogue system is to  be used, two drogues must  be employed 
to provide the redundancy required to meet  the sys tem reliability 
r e  quir ement s . 
The proposed method of deploying the main cluster  by use of a 
single drogue fails to mee t  the system-reliabil i ty requirement  
because the deployment of the whole cluster  is  dependent on the 
single action of the drogue uncovering and pulling out all three  
parachutes. 

A drogue is  desirable  for  two reasons.  
permi ts  a l ighter main-parachute construction. 

It provides stability, and 

Individual deployment of the main parachute using m o r t a r s  provide s 
the redundancy required to  meet  sys tem requirements.  
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L 

- POWER 
SOURCE 

Considering this information, the De sign Review Board decision was 
to develop a system consisting of two drogues supplemented by individual 
deployment of the three main parachutes. 

r - 

AUTOMATIC 
PYRO 
BUS 

POWER - 
SOURCE 

AUTOMATIC 

BUS 
- - INSTRUMENTATION - 

BoilerDlate N o  6 Seauencer 

- 

The three following sequencing sys tems for  Boilerplate 6 were  evaluated 
for  reliability. 

_I 

AUT OMAT IC 
PYRO 
BUS 

POWER - 
SOURCE 

AUTOMATIC 
INSTRUMENTATION - 
BUS 

POWER - 
SOURCE 

Two para l le l  automatic sys tems with radio-command over r ide  
fo r  severa l  functions. 

A single power source supplying redundant components. 

An automatic system in para l le l  with a radio command system. 

Based on the following descriptions and analyses  of the three  systems, 
i t  was recommended that the f i r s t  system be utilized in  B P  6. 

System 1 - Two P a r a l l e l  Automatic Systems With Radio-Command Override 
fo r  Several  Functions 

---- 
The reliability of System 1 is  0.99999, using standard-failure-rate data. 

The numer ica l  analysis  does not include the power sources  but does include 
the EB W firing units. The system is completely redundant except f o r  the 
radio-command rece iver  which operates  f rom one of the power sources .  
Maintaining para l le l  c i rcui ts  eliminates the majori ty  of e lec t r ica l  c i rcui t  
interactions.  
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- COMPONENT - - COMPONENT 

System 2 - Single Power Source Supplying Redundant Components. 

- 
POWER - POWER - 
SOURCE SOURCE 

System 2 has  two power sources ,  although both are required fo r  
success .  A detailed schematic of the system was not available, therefore ,  a 
qualitative analysis was conducted. 

- SUCCESS 

A series of duplicate components is considered more  reliable than 
para l le l  sys tems of s e r i e s  components, because of the allowable paths for  
success .  
lack of duplicate power sources  would make this sys tem inferior f r o m  a 
reliabil i ty standpoint. 
system failure and possibly cause a f i r e  in the vehicle being tested. 

Since the reliability of System 1 was quite high, i t  i s  assumed that 

A short  circuit  in  the sys tem would resul t  in complete 

- 

System 3 - Automatic System In P a r a l l e l  With a Radio-Command System 

COMPONENT - - COMPONENT - 

RADIO-CONTROL RAD IO-CONTROL 

PYRO BUS 
- POWER - INSTRUMENTATION 

BUS 
- 

. 
AUTOMATIC - AUT OMAT IC 

System 3 i s  not considered as  reliable as  System 1, because System 1 
has  para l le l  automatic sys tems with radio-controlled overr ide capability fo r  
those functions (in both systems)  considered feasible fo r  decision by a ground 
crew.  
considered doubtful that the ground crew could make the proper  decisions 
a t  the proper  t ime f o r  a l l  of the functions. 

System 3 does not contain the redundancy of System 1, and it is  

- SUCCESS 
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Since no schematic was available for  System 3,  no numerical  analysis  a was made fo r  it. 

ComDarative Earth-Landinn Sub-Svstems 

A reliability evaluation was made of comparative ea r th  landing systems.  
One trade-off was between parachute and paraglider;  a second trade-off was 
between a launch escape system and ejection seats  with personal  parachutes.  
The reliabil i ty logic diagrams used in the evaluation along with numerical  
r e su l t s  a r e  shown in Figure 20. 

The resul ts  of the evaluation a r e  as follows, the sys tems evaluated 
being l isted in o rde r  of descending reliability: 

Separately deployable parachute c luster ,  launch e scape sys tem and 
personal  parachutes f o r  crew. 

Paragl ider ,  launch escape system and personal parachutes f o r  
crew. 

Separately deployable parachute c luster  and ejection sea ts  fo r  
crew. 

0 Paragl ider  and ejection sea ts  for  crew. 

F a c t s  and Assumptions Used in Evaluation 

High-Altitude -Recovery Considerations Probability-of-deployment of 
the parachute c luster  is  based on the probability that at  least  two of the three 
chutes open. Reliability of each chute (0.998) i s  based on Mercury data and 
Northrop Ventura es t imates  of present  state -of -the -art. 
(0.998) is used for  each drogue chute. 

The same value 

The value (0.9995) assigned to deployment of the Paragl ider  is  based on 
the positive actuation provided by inflation of the booms and configuration 
control afforded by sequenced release.  

The values selected fo r  the landing hazard factors  reflect  an  analysis 
of 1,388, 852 live jumps f rom 1951 to 1957 suing the T-10 extended-skirt troop 
parachute.  
haza rds  r a the r  than parachute failure.  
paragl ider  i s  based on the fact  that i t  can be maneuvered to m i s s  local 
ground hazards .  

During this period 21 fatali t ies occur red  due to local landing 
The higher number assigned to the 

The principle difference in complexity between the Paragl ider  and the 
parachute c luster  l i e s  in the flight control subsystem. The flight control 0 
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subsystem in the paragl ider  configuration i s  not needed in an ear th  landing 
system that uses  parachutes.  In the event of a fai lure  of the paraglider flight 
control subsystem, the Paragl ider  would re turn  to an  attitude which provides 
a landing equivalent to  the parachute (no ability to avoid local hazards).  The 
envisioned control subsystem would be s imi la r  to the highly reliable sys tems 
used i n  a i r c ra f t  with the exception that air motors  would be utilized to provide 
power boost. The system would also include control cables, pulleys, 
capstans, and a side arm controller. 

The other subsystems would be comparable to each other  in complexity 
The drogue system and e lec t r ica l  sequencing systems would and reliability. 

be equivalent. 
t raded off with the impact attenuation (shock s t ruts)  subsystem. 
inflation system, ei ther  blow-down o r  gas  generator ,  would be t raded off with 
the extraction subsystem of the parachute. 

The Paragl ider  landing gea r  subsystem would be directly 
The 

Pad-Abort-Recovery Considerations. A pad abort  occurs  on 2.2 percent 
of missions.  

Without a launch escape system, the command module is not recover -  
able upon a pad abort. 

The probability of the crew surviving a pad abort  by use of ejection 
sea ts  i s  severa l  o r d e r s  of magnitude lower than the probability for  other  
e lements  in the system. Three values (0.90,  0.95 and 0.99) a r e  given to 
show the effect on the probability of crew survival in the range of values 
considered applicable. 
fa ta l i t ies  that have actually occurred  in a i rplanes equipped with ejection sea ts  
and on the hazards  inherent in the use of low t ra jec tory  ejection sea ts  in  a n  
a r e a  such as the pad during an abort  under emergency conditions. 

The range selected is  based on the number of 

Using the launch escape system, the assumption is made that, during 
pad abort ,  there  is  not sufficient time to utilize man ' s  overr ide capability 
in the sequencing system o r  the redundant drogue. 

The values used for  personal  parachute (0.9998) and ejection seat 
(0.999) reliabilitie s a r e  based on his tor ical  data. 
varying these values between the two ext remes  shown has a very insignificant 
effect  on the probability of recovering the crew since the chutes a r e  only used 
in the event of a system failure. 

It should be noted that 

Failure-Mode Analysis 

A failure-mode analysis  was made of the ear th  landing subsystem. A 
schematic  block diagram of the system is shown in F igure  21. 
the para l le l  channel sequencer is  shown a s  System A; System B is identical 
to provide redundancy. 

One half of 
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None Redundant - comple te  f a i l u r e  in 
s y s t e m  A;  s y s t e m  B would be  
avai lable .  

None Redundant - manual  o v e r r i d e  
could be  used in s y s t e m  A;  
s y s t e m  B could s t i l l  be operat in!  
normally.  

None 
~ _ _ _ _ _ _  ___ 

Redundant - manual  o v e r r i d e  
could be used  in s y s t e m  A ,  
s y s t e m  B would s t i l l  be ope ra t in  
normally.  

Depends on 
al t i tude 

A s  soon a s  t i m e  delay no. 1 
c losed ,  fo rward  heat  shield 
would be  r e l eased .  

None Redundant - sequence r  in s y s t e n  
A will  s t i l l  function no rma l ly  
because  of s e r i e s  connection; 
s y s t e m  B would be  operat ing 
no rma l ly .  

None Redundant - manual  o v e r r i d e  
could be  used  in s y s t e m  A; 
s y s t e m  B would ope ra t e  
no rma l ly .  

None Redundant - s y s t e m  A would f a i l  
to  r e l e a s e  hea t  shield;  s y s t e m  B 
would s t i l l  o p e r a t e  and r e l e a s e  
h e a t  shield.  

None Redundant - in s y s t e m  A ,  power 
would be  supplied to  40K ba ro ' s  
with no bad effects ;  s y s t e m  B 
would s t i l l  ope ra t e  normally.  

N O R T H  A M E R I C A N  A V I A T I O N ,  INC. SPACE and INFORMATION SYSTEMS DIVISION 

Table 19. Earth Landing Subsystem Fai lure  Mode Analysis 

E f f e c t  Upon 

n i s s ion  1 C r e w  I 
iuccess  Survival  R e m a r k s  F a i l u r e  Mode P robab le  Cause  

No power F a i l e d  component None P o w e r  s o u r c e  

A r m i n g  switch I-- Does not c lose  Fa i l ed  component 
~ 

None 

None 

~ ~ 

Redundant - s y s t e m  A would not 
a r m ;  s y s t e m  B could s t i l l  
funct ion no rma l ly .  

None 

F a i l e d  component None Redundant - in s y s t e m  A ,  power 
would be  suppl ied to 50K ba ro ' s  
with no bad effects ;  s y s t e m  B 
could s t i l l  function normally.  

T i m e  delay no. 1 

50, 000-feet  
b a r o m e t r i c  switches 

Does not c lose  

F a i l e d  component None Both swi t ches  
in h>50K 

One switch in 
h>50K,  o the r  
n o r m a l  

Fa i l ed  component None 

Both swi t ches  
in  h <  50K 

Fa i l ed  component 

One switch in  
h<50K,  o the r  
n o r m a l  

Fa i l ed  component None 

One switch in  
mid-posi t ion,  
o the r  n o r m a l  

Fa i l ed  component None 

No gas  
gene ra t ed  

Fa i l ed  component F o r w a r d  hea t  sh i e ld  
gas  g e n e r a t o r  and 
cab le  c u t t e r  

None 

Loss 
~~ 

Hea t  sh i e ld  r e l e a s e  
c a b l e  

Bind Does not 
r e l e a s e  

F o r w a r d  hea t  shield would not b ,  
r e l e a s e d ;  d rogues  and ma in  
chutes  could not b e  deployed; 
c r e w  could sur-vive by u s e  of 
pe r sona l  pa rachu tes .  

Does not 
r e l e a s e  

Fa i l ed  component L O S S  Hea t  s h i e l d  l a t ch  
m e c h a n i s m  

Hea t  sh i e ld  F u s e d  t o  
command module 

Does not 
s e p a r a t e  f r o m  
command 
module  

Does not closc 

Loss 

None 

L O S S  

T i m e  de lay  no. 3 r-- ~~ ~ 

F a i l e d  component 
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System A Component': 

P i lo t  chute  

Main chute  

T i m e  delay no. 5 

Aft heat  shield gas  
gene ra to r  and cable  
cu t t e r  

F a i l u r e  Mode 

Not deployed 

Not deployed 

Does not 
ope r a t  e 

No gas  
generated 

Depends on 
number  that  

f a i l  

Two of the t h r e e  main  chutes  wil  
suppor t  the command module .  
C r e w  would probably  su rv ive  
with one. 

L o s s  

None 

At s a m e  t i m e  main  chu te s  a r e  
being deployed, lower  hea t  shiel i  
i s  being r e l e a s e d ;  this  could 
c a u s e  the  chu te s  to  f a i l  by 
o v e r s t r e s s i n g .  C r e w  could 
s u r v i v e  by u s e  of pe r sona l  
pa rachu tes .  

Redundant - s y s t e m  A would f a i l  
to r e l e a s e  hea t  shield;  s y s t e m  B 
could s t i l l  o p e r a t e  and  r e l e a s e  
heat  shield.  

Depends on 
velocity of 

impac t  

Lower  hea t  sh i e ld  would not be  
r e l e a s e d ,  t h e r e f o r e  would not be 
in posi t ion to a b s o r b  impac t  upor 
landing. C r e w  s u r v i v a l  enhance  
due to couch  at tenuat ion s y s t e m .  

None Impact  swi t ch  would b e  a r m e d  a1 
s a m e  t i m e  chutes  w e r e  being 
deployed. Th i s  would .not be  
d e t r i m e n t a l  to s y s t e m  ope ra t ion .  

N O R T H  A M E R I C A N  A V I A T I O N ,  I N C .  SPACE and INFORMATION SYSTEMS DIVISION 

Table 19. Ear th  Landing Subsystem Fai lure  Mode Analysis (Continued) 

Effect  Upon 

n i s s i o n l  C r e w  1 
, u c c e s s  Survival  R e m a r k s  P robab le  Cause  

Mor ta r  f a i lu re  

Fa i l ed  component 

None I None I P i lo t  chute  deploys main  chute.  

Loss Fa i l ed  component 

Fa i l ed  component None 

Bind Heat  shield r e l e a s e  
cable  

Does not 
r e l e a s e  I Heat  sh i e ld  l a t ch  

mechan i sm 
Fa i l ed  component 

F u s e d  to 
command module 

Heat  shield Does not 
s e p a r a t e  f r o m  
command 
module 

T i m e  delay no. 6 I Does not Fa i l ed  component None 

I Opera te  

Impact  switch Fa i l ed  component Does not a r m  
be able  to  r e l e a s e  ma in  chutes:  
s y s t e m  B could s t i l l  a r m  switch.  

r e l e a s e  ma in  chu te s ;  s y s t e m  B 
could s t i l l  o p e r a t e  and  r e l e a s e  
chu te s .  

Fa i l ed  component 

P i lo t  switch - main  Does not 
chute  r e l e a s e  o p e r a t e  I Main chutes  would fa i l  to  r e l e a s ,  

on  impact .  
Fa i l ed  component 
o r  m a n  

None Fa i l ed  component 

F a i l e d  component 
o r  m a n  

- 
None 

and dye o p e r a t e  

I *Sys tem A i s  ident ical  to s y s t e m  B. 

I 

I 
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Table 19. Ear th  Landing Subsystem Fai lure  Mode Analysis (Continued) 
a 

Effec t  Upon 

R e m a r k s  
Aissior 
iucces 6 

C r e w  
iurviva Sys tem A Component* F a i l u r e  Mode P robab le  Cause  

40, 000-feet  
3 a r o m e t r i c  swi t ches  

Both swi t ches  
in h S 4 0 K  

Fa i l ed  component Redundant - manual  o v e r r i d e  
could be  used  in s y s t e m  A,  
s y s t e m  B would s t i l l  ope ra t e  
no rma l ly .  

None 

None 

None 

None Redundant - manual  o v e r r i d e  
could be  used  in s y s t e m  A;  
s y s t e m  B would s t i l l  ope ra t e  
normally.  

One  Switch in 
h > 4 0 K ,  o t h e r  
n o r m a l  

F a i l e d  component 

Fa i l ed  component 
~ 

A s  soon a s  t ime-delay no. 3 
c losed ,  d rogue  deployment would 
be  ini t ia ted,  but i t  would be 
hal ted because  of the  heat  shield 
not being r e l e a s e d  a t  this t ime.  
C r e w  could s u r v i v e  by use  of 
p e r s o n a l  pa rachu tes .  

Both swi t ches  
in h(40K 

Loss 

None 

- 
None 

Loss 

None 

None 

One swi t ch  in 
h<40K. o the r  
n o r m a l  

Redundant - sequence r  in systen-  
A will  s t i l l  function normal ly  
because  of s e r i e s  connection; 
s y s t e m  B would s t i l l  ope ra t e  
normally.  

F a i l e d  component 

~ 

One swi t ch  in 
mid-posi t ion,  
o t h e r  n o r m a l  

Redundant - manual  o v e r r i d e  
could be  used  in s y s t e m  A ;  
s y s t e m  B s t i l l  operat ing 
normally.  

a F a i l e d  component 

Does not 
o p e r a t e  

F a i l e d  component None None 
~ 

Redundant - drogue  no. 2 could 
be deployed. 

Drogue no. 1 igni ter  

]rogue no. 1 Not deployed Redundant - drogue  no. 2 could 
be deployed. 

Does not open, 
r i p s ,  e tc .  

Fa i l ed  component 

None 

- 
None 

None 

None 

None 

Kone 

None 

Loss 

None 

r i m e  de lay  no. 4 Does not 
o p e r a t e  

Redundant - power would be  
supplied to. 15K b a r o ' s  in 
s y s t e m  A; switch B s t i l l  
operat ing normally.  

15, 000-feet  
> a r o m e t r i c  switches 

Redundant - manual  o v e r r i d e  
could be  used  in s y s t e m  A;  
s y s t e m  B operat ing normally.  

Both swi t ches  
in h > 1 5 K  

Fa i l ed  component 

One swi t ch  in 
h>15K,  o t h e r  
n o r m a l  

Fa i l ed  component None 

- 
Loss 

Redundant - manual  o v e r r i d e  
could be uskd in s y s t e m  A; 
s y s t e m  B would s t i l l  ope ra t e  
normally.  

Both swi t ches  
in h(15K 

Fa i l ed  component As soon a s  t ime  delay no. 4 
c losed ,  the main  chutes  would 
t r y  to  be deployed but would be  
unable to because  of the heat  
shield not being r e l eased .  Crev. 
could su rv ive  by u s e  of pe r sona l  
pa rachu tes .  

None 

- 

~ 

Redundant - manual  o v e r r i d e  
could be used  in s y s t e m  A ;  
s y s t e m  B s t i l l  ope ra t ine  normal .  

One switch in 
mid-pos  ition, 
o the r  n o r m a l  

F a i l e d  component 
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The analysis which follows (Table 19) i s  for  normal  re-entry and does e 
not consider abort  conditions. 
probable cause of the f a i lu re s  a r e  identified. 
the success  of the mission and the survival of the crew is noted, and the 
nature  of the sys t em ' s  redundancy and the resulting situation a r e  explained. 

Fa i lu re s  of individual components and the 
The effects of the failure upon 

QUA LIF IC AT ION -RE LIAl3 ILIT Y OPE RATIONS 

Tes t  Models 

Methods a r e  presently being developed to determine the reliabil i ty of 

The technique i s  based upon s t ress -versus-s t rength  and 
one-shot, high-cost devices when only small sample s izes  can be justified 
fo r  testing. 
performance -margin concepts, and can yield high confidence s ta tements  about 
the demonstrated re  liability. 

The s t ress-versus-s t rength technique is  also being evaluated to define 
its applicability to the qualification-reliability demonstration program f o r  
other  devices, including s t ruc tures ,  heat shields, electro-mechanical,  and 
electronic  equipment. 

A model is being established to analytically define required equipment 

This 
tes t - t ime ( in  a par t icular  combination of environments) as a function of the 
expected mission duration and the required reliabil i ty and confidence. 
model  will  be employed to calculate the t e s t  t ime necessary  to demonstrate 
reliabil i ty at  a specified confidence and at  the end of qualification-testing. 
It w i l l  a l so  be used to show the amount of additional tes t  t ime necessary  to 
increase  the s ta t is t ical  confidence to any des i red  value. 
environmental  t e s t s  and the sequence of exposures  will  closely simulate the 
Apollo lunar  landing and ea r th  re turn  mission. 

The actual  

Flight-Test Operations Support 

Reliability engineering support requirements  fo r  each field tes t  si te 
have been prepared. Included were  office space, equipment, tear-down- 
analysis  laboratory space, and the tes t  equipment required in each area.  
P re l imina ry  work s ta tements  and manpower es t imates  required to conduct 
this  activity have been completed. 

Procedure  F o r  Evaluation Of Commercial  Tes t  Laborator ies  

In a joint effort with the S-I1 Reliability Tes t  group, a document is being 
prepared  to define the procedures  to be employed and the reliabil i ty 
requirements  f o r  evaluation of commercial  t e s t  laboratories.  
f rom surveys conducted by ei ther  Apollo o r  Saturn personnel  will  be shared  
and recorded in a common document to preclude duplication of effort. 

Information 
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Test  Accounting System 

A plan has  been prepared  to identify all development, qualification, and 
reliabil i ty t e s t s  current ly  proposed by S&ID and Apollo subcontractors f o r  
spacecraf t ,  subsystems, components, and GSE. Information gained through 
the identified t e s t s  will  be employed to  determine the adequacy of testing, 
number of hardware i t ems  to be tested, and the proposed schedules fo r  
completion of qualification t e s t  requirements.  
describing the number and types of tests current ly  planned for  Apollo 
subcontractors,  have been completed. When tabulations a r e  completed, the 
information will  be employed to determine the completeness (and any 
duplication) o r  proposed t e s t  p rograms to  mee t  reliabil i ty demonstration 
objectives. 

Tes t  accounting forms,  

Tes t  accounting will  be presented in the revised Qualification. 

Qualification Status Report 

Qualification status data has  been compiled f rom information acquired 
f rom engineering and t e s t  groups. 
the contractually required Qualification Status Report and submitted to NASA. 
Because of the l imited information available at this  t ime, the l i s t  can only 
ref lect  schedule status to the major  component level. 

This information has  been compiled into 

NASA/NAA Documentation Review Meeting a 
A review of the Apollo Reliability Tes t  P l an  was conducted on May 17 

and 18 at NASA Headquarters,  Washington, D. C. Through mutual 
agreement ,  the t e s t  plan is  to be revised to place fur ther  emphasis upon 
off-limit, parameter-variabil i ty,  life, and mis sion-profile simulation tes ts .  
Although these were  contained in  the previous i ssue  of the tes t  plan, only 
minor  t reatment  was afforded each. 
show employment of fac tor ia l  and other experimental  de signs as exploratory 
t e s t s  in  the event that difficulties are encountered during qualification o r  
reliabil i ty testing. The revised plan will  define minimum tes t  p rograms fo r  
each of the spacecraft  subsystems. 

Additional reorientation is required to 

Analysis Aid 

To  facil i tate the ret r ieval ,  recording and processing of Apollo data, 
the following s ta t is t ical  p rograms have been established and are available 
f o r  immediate use. 

IBM 7090 P r o g r a m s  

Histogram Plotting on Cathode Ray Tube (CRT) 
P r o c e s s  Evaluation (CRT) 
Mean (x) and Range (R) Charting 
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P e r  cent Defective Charting 
Mean and Standard Deviation Charting 
Mean Tes t  for  Singly Classif ied Multiple Groups 
Analysis of Variance (ANOVA) Fac tor ia l  Design 
Chi-square Tes t  of hdependence 
Life -Curve Identification 
Burn-In Time Determination 
Mean-Time-Between-Failures Plotting (CRT) 
Linear Correlation of Data  and Transforms (CRT) 
Correlation Coefficients of First and Second Degree Curves 
Parabol ic  Correlat ions (CRT) 
Semi - Log Par aboli c C o r r e  lat ion 
Cubic Correlation (CRT) 
Response Surface Plotting, Two Independent Variable s (CRT) 
Response Surface Calculations, Two Independent Variable s 
Response Surface Calculations, Three Independent Variable s 
Response Surface Calculations, Four  Independent Variables 
Attribute Cor  r e  lation s 
Hypergeometric Sampling P lan  Calculations 
Queuing Problem Calculations 

Recomp I1 P r o g r a m s  

Linear Programming Simplex Method 
Matrix Inversion and Solution of Simultaneous Equations 
Determinant Evaluation 
Matrix h v e r s i o n  (42 x 42 inches) 
Simple Correlation Coefficients 
Beta  Function P r o g r a m  
Gamma Function 
Two-way Analysis of Variance 
Mean, Variances,  Standard E r r o r s ,  and Confidence Intervals 
Multiple Linear Regression and Correlat ion Analysis 
Transportation Problem 
Least-Squares Curve Fit fo r  the Exponential, Logarithmic and Power  

A Monte Carlo "Proof" 
Chebyshev Ploynomial E conomization 

Function 

Computer Methods And Data Documentation 

A computer-oriented reliabil i ty program utilizing LBM 7090 and 
RECOMP-I1 computers, is  being developed to  support  the Apollo Reliability 
project. This program encompasses  de scr ipt ion and comparison computer 
methods fo r  circuit  analysis  and other  a l l ied studies. 
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Information of e lectronic  and electro-mechanical de signs is present ly  
being developed. 
adequacy of de sign and support reliability de sign reviews. 

The computer output data will  be used to evaluate the 
a 

A special  study in  support of the design of ground support equipment 
(GSE) is in progress .  
computer techniques is being investigated. 

Participation in other  program studies requiring 

To standardize reliabil i ty circuit-analysis studies and a s s u r e  that 
essent ia l  information is  consistently recorded, a general  format  for  computer 
c i rcui t  analysis reporting has  been developed. The required contents such as 
schematics,  drawing numbers,  par t s  l is ts ,  equivalent circuit  diagrams, 
computer program printouts, and presentation of resu l t s  a r e  delineated. It 
i s  intended that S&ID studies, as well  as subcontractor studies, follow this 
format.  

Mathematical  Reliability Model 

A mathematical  reliabil i ty model based upon Monte Carlo techniques 
has been developed as a reliability system analysis  aid, 
accuracy  of the more  detailed logic model cannot be achieved by employing 
this  approach, simplicity in  u s e  and g rea t e r  flexibility a r e  the major  
advantages. 
required to account for  configuration changes. Pr int-outs  wi l l  include, in  
addition to mission success  and crew safety numerics,  probability s ta tements  
regarding the influence of any component in aborting a mission o r  inducing a 
safety hazard.  

Although the 

As an example, only minor changes in  the input data wi l l  be 0 

Use of the mathematical  reliabil i ty model will  a lso permi t  an  
evaluation of the effects on the spacecraft  of variable reliabil i ty in a 
component, and will  provide information fo r  on-board maintenance studies, 
including those l imitations imposed by a finite number of on-board spares .  

SUB CONTRACT OR COORDJNATION 

The S&ID has initiated regularly scheduled monthly reliabil i ty meetings 
with all subcontractors.  
reliabil i ty p rogres s  a t  scheduled intervals,  es tabl ish l ines of communications 
a t  the working level, and consider possible solutions to var ious reliability 
problems. 

The purpose of these meetings is  to review 

Mater ia l  Traceabili ty and Configuration Accountability 

In support of Apollo requirements,  effort has  been expended during this  
r epor t  period to develop a program controlling ma te r i a l  traceabili ty and 0 
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configuration accountability. 
(Figure 22) a r e  aimed a t  accomplishing the following objectives: 

The significant features  of the program 

Mate rial Trace  ab i l i t y  

This  deals  with tracing and identifying ma te r i a l  f rom the time of 
or iginal  procurement through all s tages  of fabrication until i t  appears  in  the 
end item. 
s e r i a l  o r  original manufac turer ' s  lot number, to the assembly par t  number,  
and finally to the se r i a l  number of the spacecraft  o r  end i tem of GSE in which 
it i s  installed. 

It will  a lso t r ace  any ma te r i a l  identifiable by par t  number and 

Configuration Accountability 

This deals  with correlating actual  configuration accomplished during 
manufacturing and assembly with the original paper  configuration established 
b y  design engineering and engineering-configuration control. Its purpose is  
to be able to report  on actual  configuration a s  to actual par t  numbers  and lot 
numbers  used in  each identifiable assembly. 

The flow diagram (Figure 23) shows the mechanical functions and the 
responsibil i t ies of the var ious organizations participating in the effort to  
control ma te r i a l  traceabili ty and configuration accountability system will  be 
presented in a subsequent revision of SID 62-203, Apollo Reliability 
P r o g r a m  Plan. 

Interservice Data Exchange P r o g r a m  (IDEP) 

S&ID i s  now participating in the Interservice Data Exchange P r o g r a m  
(IDEP). This program has been established to  facilitate the interchange of 
reliabil i ty data among government agencies and contractors  engaged in the 
development and manufacture of ball ist ic mi s s i l e s  and space vehicles. Under 
this  program, each participating miss i le  and space project contractor will  
submit copies of every tes t  report  within selected categories  to  the IDEP Data 
Distribution Center (DDC) where they will  be microfilmed. 
of the complete report ,  attached to a summary  card,  will  be automatically 
distributed to all designated participating contractors  and agencies which have 
previously expressed an  in te res t  in that par t icular  subject. 
information will  not be t ransmit ted through IDEP. 

The microf i lms 

Classified 

An average participating contractor will  receive approximately seventy 
times a s  much data a s  contributed. Although this  data may not always be 
prec ise ly  applicable to required performance and environment, IDEP will 
make i t  possible to examine tes t  data developed and generated by other  
contractors  which could reduce, eliminate,  o r  modify our  own testing. 
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ro SPUR e Engineering guration Original 

TRAC 

rJ 

OUTPUT 
REPORTS 

Figure  22. 

0 
0 
0 
0 

0 
0 
0 
0 

0 

0 

Actual Configuration 
Material Lot Identification 
Parametric Data 
Operating Time 

Change Verification Data 
Non-Conformonce Records 
Operating Time 
Other Configuration ond/ 
ar Traceability Data 
Area Inputs 
0 A M R  
0 Tulsa 
0 etc. 

Supplier Quality History 
0 Parts Replacement Request Data 

Material Review Data 

Functional Inputs 

SEPARATE PARTS USAGE RECORD 
System responsibility: 
Standards Engineering and Design Engineering. 
SPUR i s  an automation program on bi l l -of- 
materials and next-assembly information taken 
from engineering drawings. 

AUTOMATICALLY PROCESSED WIRE LISTS 
These lists are processed in  conjunction 
with the SPUR program far the blue prints 
concerned with electricol ar electronic 
wiring. 

FABRICATION-ASSEMBLY-I NSPECTION-RECORD 
System responsibility: 
hianufacturing and Quality Control. This 
i s  an automation program on the planning- 
ticket and inspection-records requirements. 

TOTAL-RECORDS-ACCESS CONTROL 
system Responsibility: Data Analysis 
Engineering. This i s  a data integration 
program to accomplish the task of utilizing 
(1) engineering configuration information 
from the SPUR program, (2) actual configura- 
tion and material traceability information 
from the FAIR program, and (3) other normal 
data inputs to provide the many reports 
required on: 

Material Traceability 
Configuration Accountability 
Non-Conformance Data 
Operating Time 
Parametric Data 

Such reports are presently being formulated 
to firm committments as a result of SblD 
departmental needs as well as contractual 
requirements on the Apollo. 

Material  Traceability and Configuration Accountability 
Flow Diagram 
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APPLICATION APPROVAL TESTS 
DEVELOPMENT, QUALIFICATION, 
RELIABILITY, SPACE CRAFT GROUND 
TESTS 

SPECIFICATION 4 

NO NFLl GHT HARDWARE 

- 
L 

r 

----- 
FLIGHT HARDWARE 

PRIOR USAGE 

, 

RELIABILITY TESTS 1 

I ACCEPTANCE TESTS 

DATA 
CENTER 

---- 

COMPONENT 

Figure 23. Typical Data Accumulation and Flow 
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MOTIVATION AND TRAINING 

General indoctrination briefings on Apollo for  new employees have 
been conducted during the past  few months and are continuing on a required 
basis ,  
Analysis began 17 April  1962, with a second presentation of the same course  
scheduled to commence in mid-July. Courses  dealing with reliability 
mathematics as a pa r t  of reliability indoctrination (Course No. 5) have been 
initiated with var ious engineers f rom the reliability and design groups 
participating. 

The initial presentation of Computer Methods of Electronic Design 

In o rde r  to better acquaint subcontractors with Minuteman par t s ,  their  
application to Apollo, and their  limitations, a symposium has been planned 
to be held at NAA/S&ID in mid-July. The symposium will be of one to  two 
days duration and will include all subcontractors who a r e  involved in the 
selection of electronic par ts .  

The following is a list of courses  to be presented in support of the 
Apollo program. 
either detailed instruction o r  briefings. 

These courses  generally are designed for  adaptation to 

General  Apollo Indoctrination 
Apollo Reliability P rogram Plan 
Computer Methods of Electronic Design Analysis 
Minuteman Standards and Parts with Application to Apollo 
Reliability Indoctrination for  Reliability Engineers 
Design Ramifications in Reliability Apportionment for  Reliability 

Design Ramifications in Reliability Apportionment for  Design 

Qualification-Reliability Tes t  P lan  
Malfunction Reporting, Analysis, and Cor r e  ctive Action 
The Role of Manufacturing in Attaining Reliability 
Reliability fo r  the Apollo Buyer 
Apollo Reliability Indoctrination and Motivation for  Supplies 

Engineers 

Eng ine er s 

PREAWARD SURVEYS 

During this reporting period the following preaward surveys were  
performed: 
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Data Processing Equipment 

Be c kman Ins t r um en t C o r po r at ion 

The Bendix Corporation, 
Pacific Division 

Consolidated Electr ic  

E le c t r onie Enginee r ing Corporation 
(EECO) of California 

Elec t ro  Mechanical Re search ,  
Corporation 

Radiation, Inc. 

F ulle r t on , C a1 if o r n ia 

North Hollywood, California 

Monrovia , C a1 if o r nia 

Santa Ana, California 

Sarasota ,  Flor ida 

Melburn, Flor ida 

Telecommunication System (Telemetry,  Antenna, Radome) 

Airborne Instrument Laboratories Long Island, New York 

Brunswick Corporation Defense Marion, Virginia 
Division 

Canoga E le c t ronic s Van Nuys, California 

Darn  & Margolin Long Island, New York 

Electronics Specifications Los Angeles, California 

ITT Federal  Laborator ies  Nutley, New J e r s e y  

Melpar,  Incorporation Fa l l s  Church, Virginia 

Mc D onne 11 Air c raft St. Louis, Missour i  

Norair  Hawthorne, California 

Rantel Corporation Calabasas , California 

Transco Products Los Angeles , California 
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Table 20. Procurement  Specification Contributions, 
1 April through 3 0  June 1962 

Spec. No. 

MC 2840013 

MC 282-0005 

MC 282-0002 

MC 282-0007 

MC 282-0006 

MC 282-0008 

MC 901 -0008 

MC 284-0020 

MC 284-0022 

MC 286-0005 

MC 286-0003 

MC 286-0009 

MC 273-0018 

MC 282-0004 

MC 364-0001 

I MC 901 -001 2 

Ti t le  - 
Valve, Solenoid Actuated, Nitrogen Tetroxide 

Feed Control 

P r e s s u r e  Vessel, Helium (48-inch Nominal ID) 

P r e s s u r e  Vessel ,  Helium (10-inch Nominal 
Diameter)  

Tank, UDMH/Hydrazine - Posi t ive Expulsion 
(Cylindrical) 

Tank, Nitrogen Tetroxide - Posi t ive Expulsion 
( Cylindrical) 

Tank, UDMH/Hydrazine -Posi t ive Expulsion 
(16-1 14 nominal d iameter )  

System, Hypergolic Propel lant  Utilization 

Service-Module Propuls ion-Pressur iza t ion  
System 

Serv ice  -Module Propuls ion - P r e  s surizat ion 
System 

Reaction Control Oxidizer-Feed System 

Reaction Control Fue l -Feed  System 

Rocket Engine, Apollo Service Module 
Propulsion System 

Coupling, Nitrogen Tetroxide Tank, Fill and 
Drain Disconnect 

Tank, Nitrogen Tetroxide, Posi t ive Expulsion 
(Spherical) 

Apollo Command Module Heat Shield Ablative 
Panels  

Stabilization and Control Subsystem 

Date 

April 13  

April 11 

April 11 

April 16 

Apri l  16 

April 16 

May 16 

May 23 

May 23 

May 25 

May 25 

May 29 

June 14 

June 28 

May 1Y 

June 14 
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SUBCONTRACTOR REPORTS REVIEWED 

Table 21. Subcontractor Reports Reviewed by Reliability Engineers  

Report  No. 

SS-1000-R 

SS-1001-R 

SS- 1 00 2 -R 

SS-1007-R 

SS-1008-R 

SS-1010 -R 

SS- 10 14-R 

SS - 1 0 20 -R 

AR 101-3 

AR 101-4 

AR 103-2 

AR 105-2 

AR 107-2 

Subject 

System Specifications Environmental  
C ont r ol  Subs y s t em 

Tes t  Plan 

GSE Performance and Interface 
Specific ations 

Maintenance Plan ECS and Associated 
GSE 

Revised Manufacturing P lan  

Quality Control Plan 

ECS Design Cr i t e r i a  Specification 

P r o g r a m  Plan  ECS 

Monthly P r o g r e s s  Report ,  15 March  
1962 to 15 April 1962 

Monthly P r o g r e s s  Report  for  the 
Apollo Communications and 
Instrumentation Subsy s tern Cove ring 
15 April 1962 to 15 May 1962 

Pre l iminary  System Specification for  
the Apollo Telecommunications 
System 

GSE Performance and Interface 
Specification 

Tes t  P lan  f o r  the Apollo Telecom- 
munications System 
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AiRe s e ar ch 

AiRe se  a r c h  

AiRe s e a r c h  

AiRe sea rch  

AiRe s e a r c h  

AiRe s e ar ch  

AiRe s e a r c h  

AiRe s e a r c h  

Collins Radio 

Collins Radio 

Collins Radio 

Collins Radio 

Collins Radio 
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Table 21. Subcontractor Reports Reviewed by Reliability Engineers (Cont) 

Report  No, 

AR 

AR 

AR 108-2 

AR 110-2 

AR 111-2 

AR 112-2 

AR 113-1 

AR 118-2 

20-1 

21 -1 

AR 123-1 

AR 124-1 

AR 125-1 

AR 126-1 

~ - 

AR 127-1 

AR 128-1 

Subject 

Part I of the Reliability P rogram Plan 
for  Apollo Telecommunications System 

Inspection, Measuring and Tes t  
Equipment Procedures  

P rogram Plan for Apollo Communica- 
tions and Data Subsystem 

Manufacturing P1 an 

Part I1 of the Reliability P rogram Plan 
for Apollo Telecommunications System 

Quality Control Plan for  the Apollo 
Communications and Instrumentation 
Subsystem, 4 June 1962 

Quarter ly  Progress  Report for  the 
Apollo Telecommunications System 

Quarter ly  Status Report 

Prel iminary Equipment Spec i f  i c  ation 
f o r  the VHF F M  Transmit ter  

Pre l iminary  Equipment Spec if ic at ion 
for the VHF Recovery Beacon 

Pre l iminary  Equipment Spec ification 
for  the VHF Antenna Switch 

Pre l iminary  E quipme nt Spec if ic at ion 
for  the DSIF Power Amplifier 

P r e 1 im ina r y E quipme nt Spec if ic at ion 
for  the V H F  AM Transceiver 

P r e lim ina r y E quipme nt Spe c if ic at ion 
for  the C-Band Radar Transponder 

Source 

Collins Radio 

Collins Radio 

Collins Radio 

Collins Radio 

Collins Radio 

Collins Radio 

Collins Radio 

Collins Radio 

Collins Radio 

Collins Radio 

Collins Radio 

Collins Radio 

Collins Radio 

Collins Radio 

- 117 - 
SID 62-557-2 



N O R T H  A M E R I C A N  A V I A T I O N ,  I N C .  SPACE and INFORMATION SYSTEMS DIVISION 

Table 21. Subcontractor Reports Reviewed by Reliability Engineers  (Cont) 

Report  No. 

AR 129-1 

AR 130-1 

AR 131-1 

A.R 132-1 

AR 133-1 

AR 134-1 

AR 135-1 

AR 136-1 

AR 136-2 

AR 137-1 

AR 139-1 

AR 140-1 

Subject 

P r e 1 im ina r y E quipme nt Spe c if i c at ion 
for  the Multiplexer 

Pre l iminary  Equipment Spec if ication 
for the DSIF Transponder 

Pre l iminary  Equipment Specification 
for  the Telemetry System 

Pre l iminary  Equipment Specification 
for  the HF Recovery Transceiver  

Pre l iminary  Equipment Spec if ic ation 
for  Controls and Displays 

Pre l iminary  Equipment Specification 
for the Audio Center 

Pre l iminary  Equipment Specification 
for  the Clock 

Pre l iminary  Equipment Spec if ication 
for  the Instrument Recorder 

Equipment Specification for  the Data 
Storage Equipment of the Apollo 
Communications and Data Subsystem 
25 June 1962 

Pre l iminary  Equipment Specific ation 
for  the Discone Antenna 

Pre l iminary  Equipment Spec if ic at ion 
VHF FM Transmi t te r  Unit Bench-Test 
Set of the Apollo Telecommunications 
System 

Pre l iminary  Equipment Specific ations 
for  the HF Recovery Transce iver  Unit 
Bench-Test Set of the Apollo Telecom- 
munications Systems 
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Collins Radio 

Collins Radio 

Collins Radio 

Collins Radio 

Collins Radio 

Collins Radio 

Collins Radio 

Collins Radio 

Collins Radio 

Collins Radio 

Collins Radio 

Collins Radio 
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Table 21. Subcontractor Reports Reviewed by Reliability Engineers (Cont) 

Report  No. 

AR 141-1 

AR. 142-1 

AR 143-1 

AR 144-1 

AR 146-1 

AR 147-1 

AR 148-1 

Aq -149-1 

AR 151-1 

Subject 

Pre l iminary  Equipment Specification 
for  the CB and Radar Transponder 
Unit Bench Tes t  Set of the Apollo 
Telecommunications System 

Pre l iminary  E quipment Spec if ic  at ion 
fo r  the Audio Center Unit Bench-Test 
Set of the Apollo Telecommunications 
Sys t em 

Pre l iminary  Equipment Specification 
for  the VHF AM Transceiver  Unit 
Bench-Test Set of the Apollo Tele-  
communications System 

Pre l iminary  Equipment Specification 
for  the Deep-Space Instrumentation 
Facil i ty Unit Bench-Test Set of the 
Apollo Telecommunications Sy s t e m  

Pre l iminary  Equipment Specifications 
for  the Aide Units of the Apollo Tele-  
communications Sys t e m  

P r e 1 imina r y E quipme nt Spec if ic at ions 
for  the Discone Antenna Unit Bench- 
Tes t  Set of the Apollo Telecommunica- 
tions System 

Pre l iminary  Equipment Spec if ications 
for  the Multiplexer Unit Bench-Test 
Set of the Apollo Telecommunications 
System 

. .  - - P m  y-Equipment Specifications 
for  the System Tes t  Equipment of the 
Apollo Telecommunications Sys tem 

Inter im Report  on the Status of 
Modulation Study for P ro jec t  Apollo 
Deep Space Communications 

Source 

Collins Radio 

Collins Radio 

Collins Radio 

Collins Radio 

Collins Radio 

Collins Radio 

Collins Radio 

c o  

c o  

lins Radio 

lins Radio 
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Table 21. Subcontractor Reports Reviewed by Reliability Engineers  (Cont) 

Report  No. 

W 3686 WA 

588-M-1 

588-M-4 

588-M-5 

588-M-6 

588-M-8 

588-M-11 

588-M-13 

A-1002 

A-1007 . 

A-1008 

A6 27 50 A1 ( 1 ) 

A6 27 5 1 B ( 2) 

A6 27 5 1 H 1 ( 1 ) 

A6 27 60 A( 1 ) 

A6 27 6 0 A3 ( 1 ) 

~~ ~ 

Subject 

Vacuum Testing Requirements 

Reliability P r o g r a m  

Design Cr i t e r i a  Specification Launch 
Escape Motor 

Pre l iminary  Equipment Spec if ic at ion 
Launch Escape Motor 

Tes t  P lan  

Lockhe ed Pr opuls ion Corporation 
Qualification Reliability Tes t  P lan  on 
Launch Escape  Motor , 

Quality Control P lan  

End Item Acceptance Tes t  Plan 

P rogram Plan  

Tes t  P lan  

End I tem Acceptance Tes t  Plan 

Cr i t e r i a  Specifications 

Facil i t ies P lan  Stability and Control 
System 

End Item Tes t  P lan  

Flight Crew Per formance  Specification 

Life System Display and Control 
Provisions 

~ 
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Source 
~~ 

Collins Radio 

Lo c khe e d 

Lockheed 

Lockhe ed 

Lockhe ed 

Lo c khe ed 

Lockheed 

Lockhe ed 

Mar  quardt 

Marquardt  

Marquardt  

Minneapolis - 
Honeywell 

Minneapolis - 
Hone yw e 11 

Minneapolis - 
Honeywell 

Minneapolis - 
Hone yw e 11 

Minneapolis - 
Hone ywe 11 
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Table 21. Subcontractor Reports Reviewed by Reliability Engineers (Cont) 

Report  No. 

A6 27 6 8B ( 2)  

251 8 

2519 A 

2523 A 

2523 B 

2 526 

2529 

2531 

59303 

PWA 2054 

PWA 2055 

PWA 2057 

PWA 2059 

PWA 2079 

A 004 

A 006 

A OT1 ~ 

Subject 

Quality Control Plan-Stability and 
Control System 

GSE Spec if ication 

Design Cr i t e r i a  Specification 

Revised Tes t  P lan  

Revised Tes t  P lan  

Reliability Demonstration P lan  

End Item Acceptance T e s t  P lan  

Northrop Ventura Quality Control Plan 
E a r t h  Landing System 

Equipment Specification 

Tes t  P lan  

Reliability P rogram Plan  

Reliability Test Plan 

Quality Control Plan 

End I tem Tes t  Plan 

Tes t  P lan  

Reliability Assurance P r o g r a m  Plan 

MateTiaTs, Tar ts  an& Process 
Spec if ications 

~ 

Source 

Minneapolis - 
Honeywell 

Northrop Ventura 

Northrop Ventura 

Northrop Ventura 

Northrop Ventura 

Northrop Ventura 

Northrop Ventura 

Northrop Ventura 

Northrop Ventura 

Pratt and Whitney 

Pr att and Whitney 

Pratt and Whitney 

Pr att and Whitney 

Pratt and Whitney 

Thiokol 

Thiokol. 

Tkiokol- - ~ -~ 
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PROPOSALS REVIEWED 

Table 22. Proposals  Reviewed by Reliability Personnel  

Number 

1867 

1877 

J-2355 

J-2356 

J-2357 

N 30026 

Subject 

Apollo R & D Telemetry Antenna System; 

Section I1 Management Proposal ,  

Section I11 Technical Proposa l  

Apollo R & D Beacon Antenna System; 

Section I1 Management Proposal,  

Section I11 Technical Proposa l  

Apollo R & D Beacon Antenna System; 

Section I11 Technical Proposa l  

Apollo Recovery Antenna System; 

Section I1 Management Proposal ,  

Section 111 Technical Proposa l  

Apollo R & D Telemetry Antenna System; 

Section I1 Management Proposal,  

Section I11 Technical Proposa l  

Apollo Recovery Antenna System; 

Section I1 Management Proposal,  

Section I11 Technical Proposa l  

Source 

Pante c 

Pantec 

Air bo r ne Ins t r urne nt s 
Lab. 

Airborne Instruments 
Lab. 

Air bo r ne Ins t r um e nt s 
Lab. 

General  Elec t r ic  Co. 
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Table 22. Proposals  Reviewed by Reliability Personnel  

Number 

N-30027 

T P  1056 

Subject 

Apollo R & D Telemetry Antenna System; 

Section I1 Management Proposal,  

Section 111 Technical Proposal  

Apollo R & D Beacon Antenna System; 

Section I1 Management Proposal,  

Section I11 Technical Proposa l  

Source 

General  Elec t r ic  Go. 

Transco  

TRIPS AND MEETINGS 

Table 23. Tr ips  and Meetings, April through June 1962 

Discussion 

Technic a1 coordination m e  e ting 

Reliability requirements  for  
the Apollo fuel cel l  

Environmental  control s y s tern 

Reliability program plan 

Discuss  analysis, design and 
installation problems 
encountered on Pro jec t  
Mercury  

Relay ve r sus  solid state 
e lec t r ic  a1 s equence r de s ign 

Participants 

Minneapolis -Honeywe 11 
NAA 

Pratt and Whitney 
N A A  

NASA 
NAA/S&ID 

AiRes ea rch  
NAA/S&ID 

Mc Donne11 Air c raft Cor  p 
NAA/S&ID 

Rocketdyne 
NAA/S&ID 

Date 

Apri l  3 

April  5 - 6 

April  10 

April  11 

April  16 

April  17 

- 
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Table 23. Tr ips  and Meetings, April through June 1962 (Cant) 

Discussion 

Reliability apportionment to 
guidance and navigation 
subs ys tem 

GSE checkout concept for  
boilerplate and prototype 
equipment 

On-site analysis of personal 
facil i t ies,  t e s t  and tooling 
equipment 

Review existing Mercury 
reliability data 

Guidance reliability meeting 

Tes t  plan and s ta t is t ical  testing 

GSE checkout concept fo r  
bench maintenance equipment 

Review of Apollo qualification- 
reliability t e s t  plan 

Bench maintenance and 
c he c kout e quipme nt 
reliability c r i t e r i a  

GSE checkout and reliability 
r e  quire ment  s 

Prototype stabilization and 
control sys tem checkout 
concept 

Pro jec t  Apollo environmental 
control system reliability 

Par t ic ipants  

NASA 

MIT 
NAA/S&ID 

Minneapolis -Hone yw e 11 
NAA/S&ID 

AVCO-RAD 
NAA/S&ID 

McDonnell Aircraft  Gorp 
NAA/S&ID 

NASA 
NAA/S&ID 
MIT 

Collins Radio 
NAA/S&ID 

Collins Radio 
NAA/S&ID 

NASA 
NAA/S&ID 

Northrop Ventura 
NAA/S&ID 

Aerojet  
NAA/S&ID 

Minne apo 1 is -Hone yw e 11 
NAA/S&ID 

AiRe s e a rch  
NAA/S&ID 
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Date 
~~ ~ 

April  18 

April  19 - 21 

April  29 - 
May 2 

April  30 - 
May 2 

May 1 - 10 

May 3 

May 15 - 16 

May 17 - 18 

May 25 

May 25 

May 28 - 29 

May 29 
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Table 23. Tr ips  and Meetings, April-through June 1962 (Cont) 

Discussion 

GSE requirements  

Motor case  design 

GSE bench maintenance 
concept 

Reliability requirements for 
GSE 

S-I1 reliabil i ty program and 
Apollo p re s  entation 

Apollo GSE general  reliability 
r e  quir  erne nts 

Apollo reliability plan 

Apollo reliability plan 

Review of qualification- 
reliabil i ty t e s t  plan 

Definitive contract  firm -cost 
proposal  field analysis 

Discuss  sys tem analysis 
techniques and S&ID's 
reliabil i ty mat he mat  i ca l  
models 

Gene r a1 reliability c r i t e r i a  
f o r  prototype stabilization 
control and GSE equipment 

Participants 
~ 

Mar quardt 
NAA/S&ID 

Thiokol 
NAA/S&ID 

AiRes e a r c h  
NAA/S&ID 

Minneapolis -Honeywell 
NAA/S&ID 

Marshall  Space Center 
NASA 
NAA/S&ID 

AiRe s e ar ch 
NAA/S&ID 

NASA 
NAA/S&ID 

NASA 
NAA/S&ID 

NASA 
NAA/S&ID 

AVCO-RAD 
NAA/S&ID 

NASA 
NAA/S&ID 

Northrop Ventura 
NAA/S&ID 

Date 

June 5 

June 7 - 8 

June 12  

June 19, 
21 - 22 

June 24 - 29 

June 25 

June 25 

June 25 - 26 

June 26 

June 27 - 29 

June 27 

June 28 
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II. PLANNED ACTIVITIES 

During the J u l y  through September 1962 quar te r ,  the following studies 
will be conducted. 

SPACECRAFT RE L M  ILITY 

During the next quar te r ,  spacecraft  reliability studies wi l l  be expanded 
to consider other sys tems of the total spacecraf t ,  including the LEM 
configuration and the use of LEM equipment in accomplishing alternate 
mode s. 

LAUNCH ESCAPE SUBSYSTEM 

During the next reporting period, emphasis will  be placed upon an 
overal l  system apportionment and failure mode analysis  for  interaction of the 
launch escape subsystem within the over-al l  Apollo vehicle. 
be placed upon implementing the redirected system concept through 
employment of a pitch control motor for  thrust  vector control. 

Emphasis will 

F i r s t  development f i r ings w i l l  begin and data will  be utilized, wherever 
0 

applicable, for  reliabil i ty evaluations. 

Subcontractor monitoring wi l l  be amplified as the development program 
The liaison meetings will include design reviews and audits i s  implemented. 

of the reliabil i ty program. 

FUEL CELL REAPPORTIONMENT 

During the next reporting period a reapportionment of the fuel cell  
module consistent with the reliability objective of 0.97 1 wil l  be completed. 
A more  detailed failure mode analysis will be made utilizing ear ly  develop- 
ment t e s t  data and more  refined design details. Expansion of the 
qualification-reliability te st plan will be accomplished along with initiation of 
development t e s t s  on fuel cell  hardware. Emphasis will  be placed upon 
establishing a f i rm manufacturing technique for  the production fuel cell  
e lectrodes.  

WEIGHT REDUCTION STUDIES 

Reliability studies a r e  underway in support of a weight reduction 
investigation being conducted by Apollo Engineering. 
include the possible elimination of major  redundancy, on-board spares ,  

Areas  of investigation 
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in-flight tes t  provisions, controls and displays, and recovery back-up 
provisions. 
quantitatively determined, a s  will compensating approaches such as pa r t s  
improvement programs,  redundancy a t  the par t  level, decrease  in s t r e s s e s  
through the use of higher derating factors ,  a l ternate  modes employing o ther  
subsystems, and simplification within var ious circui ts  and equipment. 

The ramifications of exclusions on reliability will  be 

RE-APPORTIONMENT O F  RELIABILITY OBJECTIVES 

A s  a resul t  of configuration and lunar landing concept changes, the. 
or iginal  apportionment of NASA assigned reliability and crew survival 
objectives i s  no longer valid. Studies a r e  underway to re-apportion these 
objective s, taking into consideration current  concepts and configurations. 

Reliability logic d iagrams have been constructed fo r  the var ious phases  
of operation employing the LEM concept. Seven pr imary-mode and 
abort-mode logic networks a r e  currently defined. 
will  be conducted employing the spacecraft  for  d i rec t  lunar landing. 

Similar  re-apportionments 
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